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Geology of Provinces of Tsang ond L in Central Tibet. Pt. 3, 1912 

{prht 2 Rs.) ; Trias of the Himalavas. 

VoL. XXXVir. 1909 MangaiiosC'Gro Ocpo.sitsof India • Pt. 1 {pna 3 Rs.), Tnl rod action 
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Plconomica and Mining; Pi. 4 [price 6 Rs.), Description of Deposits, 

VoL. XXXVIIT. 1910 [price 6 Rs.) ; Kargra Entlhqunke of 4th April 1905. 

VoL. XXXIX. Pt. 1, 1911 {price 2 Rs.) : Geology of Northern Afghanistan. Pt. 2, 
1913 [price 3 ILs.) ; Geology of Norl-hern Shan State.i. 

Voi,. XL. Pt. ], 1912 [price 5 Rs ) : Gil-Ficlds of Rurma. Pb. 2, 1914 [price 3 Rs.) ; 

Petroleum Occurrences of jlsaam and Bengal, 
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New Siwalik Primates and their bearing on the 

QUESTION OF THE EVOLUTION OF MAN AND THE 

Anthropoidea. By Guy E. Pilgrim, D.Sc., F.G.S., 
Officiating Superinf end cut, Geological Survey of India. 
(With Plates i to 4 and two text figures.) 


OOME of the material, now described, was in my hands as long ago 
as 1910 and formed the basis for the establishment of one new 
ge.nns, Skm/pithecus, and two new species, DryopitheenH punjahiem and 
Semnopithecus asnoii. Time did not then allow me to do more than 
pnblish the briefest notices of these forms^. Further material has since 
been from time to time discovered, w’’hich abundantly confirms my 
first conclusions, and the time seems now to have arrived, when a 
full and detailed account of the whole should be published. The 
material now at my disposal obliges me to establish tw’o additional 
species of Dryopithecus, D. chinjiensis and D. giganleiis, and another 
new genus, Palceosimia^ with the specific name of rugosidens. 

When Lydckker investigated the Indian fossil Primates between 
the years 1879 and 1885, very little was known about the age of the 
beds which had yielded them, or of their correlation with the mammal 
horizons of Europe. Fresh facts on this subject have accumulated 
during the last six years, and the results so far obtained have been 
summarised by the present writer® in a paper published in 1913. 

^ Pilgrim, Noticee of new mammalian genera and spcciea from the Tertiories of 

India, Rec. Geol. Suro. India, XL, p. 63 (1910). , . • # ni p ^ 

* Pilgrim The correlation of the Siwaliks with miunmal horizons of Europe, Rec. 

Oed. Surv, India, XLIII, p. 264 (1913). 
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Although the exact locality, from which the specimens, belonging to 
the earlier collections, came, is still doubtful, yet the following is the 
most probable horizon of the various Indian fossil Primates now 
known : — 


Presbytis {Semnopithecus) eniellus (?) Karnul caves Pleistocene. 
Simia cf, satyrus . . . . ^ 


I Upper Siwalik 


Papio svbhimalayanus Meyer 
Presbytis (SemnopitJieeus) pal(vindi- 
cus Lyd. 

Macacus (?) sivalensis Lyd. . 

Cercopithecus (?) asnoti Pilg. . 

PalcBopithecus sivalensis Lyd. 

Dryopithecus giganteus Pilg. 

Dryopithecus punjahicus Pilg. 

Sivapithecus indicus Pilg. 

PalcBosimia rugosidens Pilg. . 

Dryopithecus chinjiensis Pilg. 

The most interesting features connected with 
coveries are; — 


(upper zones.) 


V Dhok Pathan 
) zone. 

Nagri zone 
Nagri and Chinji 
3 zones. 

^ Chinji j 


zone 


Upper Pliocene. 


Pontian. 

Lower Pontian. 
I Sarmatian . 

Sarmatian. 
the recent dis- 


1. The evidence afforded of the widespread distribution of the 

genus Dryopithecus, w^hich supports the theory, already 
prevalent, as to the close afiSnity of African and Asiatic 
anthropoid apes with the genus Dryopithecus, 

2. The laiowledge of the complete upper dentition ot Dryopi- 

thecus, now for the first time discovered, and hitherto 
known only by isolated molars. 

3. The possession by the genus Sivapithecus of characters, 

which more nearly resemble those of Man than is the case 
in any other genus of anthropoid living or fossil, except 
perhaps, the Pleistocene Pithecanthropus and Eocmthropus, 
The occuirence of such a type as far back as the sarma- 
tian is strong evidence that the lino of Man’s descent 
diverged from that of the other anthropoids at a very 
early date. The co-existence of these essentially human 
characters with others which are no less certainly primitive, 
though they have persisted in the apes, and have even 
been retained in some small degree by early specimens 
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of mankind, points to some closely allied form to Siva* 
'pafhecus 'indicus as the direct ancestor of Man. 

In that case it would seem that we may quite reasonably antici- 
pate the discovery of true Man, at least in Pliocene strata, 
since the differences between Palaeolithic Man and his 
assumed sarmatian predecevssor are not so great as to 
render it unlikely that the interval of time occupied by 
the pontian stage should be sufficient to obliterate them 
from a generic point of view. 

4. Tlie characters common to the Gibbon and Sivapithecus and 
not shared bv the other living apes, point to SivapUhecus, 
and therefore Man, being an early offshoot from the 
Gibbon line. 

The evidence for these conclusions is amplified and discussed at 
the end of the present paper. We shall be in a better position to 
estimate its value when the detailed desciiption of the specimens 
has been given. I shall, therefore, proceed at once to the systematic 
portion, in which the Cercopithendae will be treated separately to 
the anthrop^idd apes. 


CERCOPITHECIDAE 

CERCOPITHECUS (?) ASNOTI Pilgrim 

Plate I, figs. 1 — 3. 

1010. ^iemnopiiJucy^ n^noii Pili^nm, Notiois of new niJimmalian genera and species 
from the Tertwnes of India, I{(r GpoI. Surv India^ vol. XL, page 64. 

The fragment, upon which tliis species was founded, Was very 
briefly noticed by the wTiter in 1910 in the paper quoted above. It 
was there referred, on exceedingly feeble evidence, to the genus Sem- 
nopithecus (now to be known as Presbf/tis by virtue of the laws of 
priority of nomenclature), and the specific name of asnoti was given 
to it. 

I may preface my remarks by suggesting the extreme probabi- 
lity that the fragment is generically indeterminable. It consists 
only of a portion of the immature right maxilla of a Cercopithecid 
monkey (Ind. Mus. D. 120), containing the first molar (unworn), the 
last milk molar (greatly woin) and the last premolar, which has 
been developed out of its position w alveolo, by cutting away the 
side of the jaw beneath the last milk molar. 

b3 
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A left maxilla (Ind. Mus. D. 121), containing two unworn molari- 
form teeth, the larger of which is identical in size, shape and structure 
with the milk molar in the last mentioned specimen, probably belongs 
to a very immature individual of the same species, the two teeth it 
contains being then mrn^ and ram^. 

These specimens were collected by Sub-Assistant M. Vinayak 
Rao from the neighbourhood of the village of Hasnot, in the Salt 
Range area, and from the nature . of the matrix were almost certainly 
derived from the Dhok Pathan zone of the Middle Siwaliks. 

Another tooth (Ind. Mus. D. 182), exactly similar to the first 
molar in the type maxilla, was collected from a locality which is well 
known to me, about 1 mile north-east of Domeli railway station on 
the road to the village of Chakwa. This is situated nearly 20 miles 
to the north-east of Hasnot and its strati graphical position is, un- 
doubtedly, in the Dhok Pathan horizon. 

The dimensions of these teeth are as follows : — 




1 Ind. Mus. 

Tnd. Mils. 

Ind. Mus. 



i 1). 120. 

1 

1). 121. 

I). 182. 


''length 

j 8-2 

j 

. . 

8-5 

Ml 

breanth 

' 8*0 


7-4 


^height 

1 r>'9 


5-4 


^length . 

1 6-9 

0-5 


Mm*^ 

breadth ....... 

7-0 

r.-7 



^height 

1 

4-6 

. . 

1 

flength 

1 

i 6-8 



1 

Pm*-< 

1 

[ breadth 

C-8 



1 

^height 



. . 

1 

length 


5-6 

. . 

MmX 

1 

breadth ....... 

. . 

5-6 

, . 

[ 

height 


3-4 

•• 


The four cusps of the molars, connected iri pairs by exactly 
transverse ridges, and the shape of the premolar leave us in no 
doubt that we have to deal with a member of the Cercopithecidae. 
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Sinco, however, the teeth of the different genera belonging to this 
family are remaikably like one another, diffewmces in the pioportion, 
which the individual teeth bear to one another, form often the only 
means by which their dentition can be distinguished. In the 
absence of the two hinder molars we arc debarred from such a com- 
parison. 

On the assumption that the specimen belonged to Presbytis 
{Semnopithecus), then the presence of the broad anterior shelf, 
projecting sliglitiy on the external wall of m^ as well as mm^, afford- 
ed a marked difference from the corresponding teeth of any species 
of Presbytis known to me. This was indicated in my preliminary 
note on the specimen. This shelf is formed by the continuation of 
ridges which run forward from the two anterior cusps. In the 
present species the external portion of the shelf is separated from 
the exteinal cusp by a furrow which runs vertically half way down 
the external wall of the crown. 

I have since discovered that this feature is a constant character 
of the African genus Cercopdhecus, It does not seem to be shared 
by Macacus, ColobuSy Cercocebvs, Mesopithecus, Libypithecus or 
DoUchopithecKs any more than by Presbytis, In DolichopUhecus, 
indeed, such a shelf would appear to be altogether absent, the 
anterior cusps standing quite neai the edge of the tooth^. On the 
other hand in that genus there is a distinct external cingulum, 
having no connection with the anterior cusps and situated nearer 
the base of the crown. 

An additional point of distinction is afforded by the shape of 
pm^, which had not been exposed when I wu'ote my preliminary 
note. This tooth in the specimen under consideration is charac- 
terized by the long dist3ii.ee from the summit of the transverse crest 
to the posterior border of the tooth, as compai^ed with that between 
the summit and the anterior border. In Macacus the tw^o dis- 
tances are the same and the tooth as a whole is rather short. In 
Presbytis the tooth is longer than in Macacus, and the posterior is 
longer in proportion to the anterior part of the tooth, but not so 
markedly so as in the Hasnot tooth. Neither DoUchopiihecus 
nor Mesopithecus show this feature. On the contrary something 
of the same kind is found in Cercopithecus. 


^ Dep6ret, Los anunaux pliocdnoa du liousrtillou, Pal- Mhm, Soc, 06ol. France, 
3 (1890) p. 11. 
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In weighing the evidence in favour of assigning the specimen to 
one genus rather than to another, I consider that we are bound 
to take account of these two features, trifling though they may 
seem, which it shares in common with the genus Cerco'j^itliecus, but, 
as far as I am aware, with no other. Supposing it were ancestral 
to the living African monkeys, which are placed in Cercoyiihecus, we 
should, perhaps, hardly expect it to have the large dimensions 
which are actually the case. Consequently, it is more probable that 
it represents a lateral branch from the Cercopithecus stock. In 
calling the specimen Cercopithecus (?), I, therefore, only mean to 
draw attention to what seem to be its most probable affinities, while 
admitting the likelihood that more complete material would show it 
to be distinct generically from Cercopithecus. The pontian age of the 
Hasnot specimen would indeed a priori incline us to a belief that its 
genus is not the same as the recent one, but it is necessary to await 
further material before giving effect to such a belief. 

The geological significance of such an affinity with an African type 
in an Indian pontian species is noteworthy, in so far as it points to a 
period in the lower Miocene, when free intercommunication existed 
between the two continents. From a species, which was then common 
to the two areas, may have sprung on the one hand the modern 
African Cercopithecus and on the other Indian forms, of which this 
pontian species may be the first representative that has so far 
come to sight. 

The fauna of the lower Miocene beds of the Bugti hills in 
Baluchistan^ affords the best proof at present known of the close 
similarity at that geological period between the mammafian fauna) of 
India and Africa. 

MACACUS (?) cf. SIVALENSIS, Lydekker 

Plate I, fig. 4. 

1878. Mticacun sivalemis Lydekker, Notices of Siwalik Mammals, Itec, Owl. 

India, vol. XI, p. 66. 

1886. Macacus sivahnsis, Lydekker, Indian Tertiary and Post Tertiary Vertobrata, Pal, 
Indica, series 10, vol. IV, p. 6. 

In 1878 Lydekker described under the name of Macacus sivalensis 
two fragments of maxillae belonging to a Cercopithecid monkey, 

^ Pilgrim, Tho Vertobrato fauna of the Gaj series in the Bugti hills and the Punjab, 
Pal. Indica, now series, vol. IV, mom. 2 (1912), pp. 1 — 83. 
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which were obtained by Theobald in the neighbourhood of the vil- 
lage of Hasiiot in the Salt Range. From the character of the 
matrix still left on the specimens, there is little doubt that they 
were derived from the Dhok Pathaii horizon of the Middle Siwa- 
liks. 

I suppose the author of the species would be the first to admit 
the possibility that more abundant material would oblige us to 
separate it geiierically from the living genus. He, however, has ad- 
duced arguments which render it probable that the affinities of these 
maxillae lie with Macacus, and it is, therefore, obviously unreasonable 
to refer them to any other genus, though one may be allowed to 
regard the reference as provisional. 

A few years ago Sub- Assistant M. Vinayak Rao obtained from 
the middle Siwaliks of Hasnot a fragment of the right mandibular 
ramus of a Cercopithecid monkey (Ind. Mus. D. 184), which is the 
subject of the present notice. It is figured in Plate I, fig. 4, and 
contains two perfect, well worn, molariform teeth, of which the 
smaller is in a more advanced state of wxar than the larger. Behind 
the latter is the alveolus of another double-rooted tooth, and on the 
other side of these are the alveoli of tw^o roots pointing to the former 
existence of at least one tooth, as large or larger than the one behind 
it, forming a slight curve with the hinder three. Immediately 
beneath the anterior margin of the smaller of the two perfect teeth, 
a sharp curve may be noticed in the lower edge of the ramus, which 
evidently marks the beginning of the symphysis. Behind this 
point, the side of the ramus drops almost vertically from the base of 
the tooth crowms to the lower edge of the ramus, without any bulge 
or ledge such as is often present on the imier side of the mandibles 
of monkeys. On the outer side, the mental foramen is visible 
7 ’3 mm. from the base of the ramus, beneath the alveolus of the 
foremost of the four teeth, of which more or less distinct traces are 
left. 

It may be gathered from this description that there can be no 
doubt that the dentition in this mandible is the permanent one, 
which is confirmed by the absence of any permanent premolars 
in the jaw below the two teeth which are preserved. The latter 
are therefore rUj and ni 2 and the tooth in the front of the jaw is 
pm^. 
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The dimensions in millimetres of the mandible and of the 
individual teeth are as follows : — 

Thiclviiossof raimiB bonoath m 2 ...... <v8 

Depth of mamUblo below mi ..... . lS-3 

( length b-() 

Ti,r (length ......... 5-8 

’“l ^r<>adth 6-2 

Approximate length of 1)104 ...... 7-2 

On comparing this with the maxilla of Macacus sivalensis, figured 
by Lydekker, it is evident that the animal to which it belonged 
must have been almost of the same size. Further, the proportionate 
dimensions of the teeth are identical, so far as can be gathered, 
with those of the corresponding upper teeth of Lydekker’s specimen, 
so that, other things being equal, a provisional reference to the species 
Macacus sivalensis is reasonable, since the specimens came from the 
same locality and horizon. 

The most striking characters of this mandible arc its depth and 
slenderness. These eminently characterize Macacus as distinguished 
from Presbytis. I am unable, however, to find that these charac- 
ters enable us to distinguish it from Cercopithecus. 

Some significance may be found in the apparent narrowness of 
the shelf in front of the anterior crest of the molars. This is a 
character of the genus Dolicliopithecus as seen in the species D. 
ruscinensis from the Pliocene of Rousillon^. It is however much more 
pronounced in that genus. The advanced state of wear of the 
molars in the present mandible tends to cause the anterior cusps to run 
into this shelf and so appear nearer the margin than is really 
the case. The actual breadth of this shelf is probably almost the 
same as in the upper molars of the maxilla of Macacus sivalensisj 
in which it is narrower than in many macacques and decidedly 
more so than in the genus Cercopithecus. 

A cingulum at the antero-external corner of m^ and in the middle, 
externally, between the two crests, is similar to that which is present 
in Dolichopithecus. I have, however, seen a similar cingulum in 
specimens of Macacus nemestrinus. 

The long alveolus of pm^ in the Hasnot mandible points to a 
tooth which is rather longer than is usually the case in Macacus, 
and is more like pm^ of Dolichopithecus. 


* D6peret, 1. 0 . 
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In conclusion, I have very little hesitation in referring this man- 
dible and the maxilla from Hasnot, described by Lydekker, to the 
same species, and there seems no justification for removing them 
from the genus in which Lydekker placed the latter. The species 
may be regarded as showing features which indicate some affinity 
with the European Pliocene genus, Dolichopitheats. 

SIMIIDAE 

DRYOPITHECUS PUNJABICUS, Pilgrim 

Plate I, figs. 5, G. Plate If, fig.s. 4, 5. Plate Ilf. 

1910. l)ri/o))it}ircu.s‘ puvjahiot'i, Pilgrim, N(>ti< c‘a of now mjimin.'ili.iii gimora iuul spooios 
fvojn llio Tf'rtiarioa of IikUji, Itvv. (Jcol. India, XL, p. 03. 

llKii. Drjjupdhrcv.'i indmiN (liijmus oaJami), rilgrim, TJio coiTolation of iJio Siwulika 
with mammal liiuizons of Kiiropo, Hec. Otol. Iiicfia, XLiri, p. 311. 

1913. ral(P(iplih(ru.H aji. Pilgrim, 'PIk* correlation of llio Siwaliks with mammal 
honzoiiH of Em opo, y<!(r. Gtol. f^>nv. India, XLlil, p. 320. 

Tlie types of the present species are portions of the right and 
left ramus of. the same mandible, the former containing m^ with 
half tlie broken crown of m^ and the latter with the broken 
crown of m.^. The specimens were found near the village of Chinji 
by Sub-Assistant Vinayak Rao, and though their exact locality has 
not been recorded, there seems very little doubt that they came 
from the Chinji zone of the Lower Siwaliks. There is some ground for 
supposing that they occurred at the very summit of that zone, 
partly because the matrix attached to them consisted of a hard 
reddish clay, free from concretions and similar to a fossiliferous 
clay, which is known to occur to the west of Chinji, near the boundary 
between the Low^er and Middle Shvaliks, partly, also, because the 
maxilla found at Haritalyangar in the Simla Hills, which seems 
almost certainly to belong to the same species as the mandible, 
occurs in beds, which are known both by their fauna as w^ell as their 
stratigraphical position to be newer than the Chinji zone, though 
they represent a low horizon of the Middle Siw^aliks, to which the 
name of the Nagri zone has been giveu^. 

The species may therefore be referred in terms of European 
geological horizons, either to the upper sarmatian or the lowest 
pontian. 

1 Pilgrim, The correlation of the Siwaliks with, mammal horizons of Europe, Itec. 
OecH. JSurv, India, XLIII, pp. 270, 319. 
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Mandible. 

The mandible, evidently, did not belong to an old animal, as nig 
is half concealed, in side view, by the ascending ramus, while this 
tooth is inclined at a slight angle to the one in fronj of it. The 
breadth of the ramus at nig is considerable — 19-8 mm. The depth 
at m^ is only 23*4 mm., but might no doubt have increased a little 
as the animal got older. As the ramus is broken off immediately 
in front of rn^, it is impossible to perceive if the depth of jaw increased 
anteriorly as in Dryoyithecus fontani. 

Last lower molar , — The dimensions of this tooth are as follows : 
length 12*5 mm., breadth lOA, height 6*7. It is thus longer than broad, 
its greatest breadth being near the front end, whence the sides of the 
tooth converge backward to a rather narrow hinder tip, so that the 
general shape of the tooth might almost be described as sub-triangular, 
differing in this way from Dryopilhecus rhenaAus, but still more from 
B. fontani and D, darwini. The inner side of the crown descends 
steeply to the base, but the outer side less steeply, still by no moans 
so gradually as in D, darwini. From both edges the slope towards 
the centrum of the tooth is extremely gentle. The five main cusps 
of the anthropoid lower molar are well marke.d, though, as in Dryo- 
'pithccus generally, they are not high. The least worn and there- 
fore the highest is the metaconid. The entoconid is smaller and 
lower than the metaconid. The protoconid and hypoconid are 
about equal in size and height. The mesoconid is both smaller and 
lower than either of the other two outer cusps. These three outer 
cusps are arranged in a curve, the hypoconid being situated mor3 
inwardly than the protoconid, and the mesoconid more so than 
either. The entoconid also lies nearer the centrum than the meta- 
conid, so that the tooth tapers symmetrically. 

Besides the main cusps there are two secondary cusps, which 
may be distinguished from tbe numerous swellings on the main 
cusps by the fact that fairly deep furrows running from the edge of 
the crown to the centrum delimit them from the five main cusps. 
These occur between the metaconid and the entoconid and between 
the entoconid and the mesoconid. 

The main furrows, which separate the cusps, aheady mentioned, 
from one another, are precisely similar to those which AbeF has de- 
scribed so fully in the case of Dryopithecus darwini. As in the case of 

1 Abel, Zwci ncuc Menscheiialfcn aus den Loithakalkbildungon dos Wiener Beckene, 
aUz, kais, Akad, Wm. Wien CXJ, Abt. 1 (1902) p. 1185. 
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that species, the furrows between the three outer cusps only descend 
on the external wall of the tooih as far as a cingulum, which unites 
the cusps in question at rather less than half the distance from the 
cusp summit to the base of the crown. Here they dichotomize 
within the cingulum. On the other hand, the furrow between the 
entoconid and the secondary cusp which intervenes between it and 
the inetaconid, runs right down the wall to the base of the crown. 
The furrow, however, which separates tliis secondary cusp from 
the metaconid is very faintly marked on the internal wall of the 
tooth. The remaining furrow^s, wdiich arc very numerous, are natu- 
rally associated w'ith and equal in number to the various enamel 
ridges, and their course, where necessary, will be described in con- 
nection W’'ith the latter. 

These enamel folds are much more plainly to be seen on the 
inner side than on the outer side of the tooth, and are especially well 
marked on the metaconid. If, however, the outer cusps were less 
worn, there is no reason to suppose tliat the folds would be any 
shallower or loss numerous. Both protoconid and metaconid send 
a strong cr6^t obliquely to the front edge of the tooth, which is 
raised into a somewhat weaker ridge, behind which is a hollow. 
Another pair of ridges run from protoconid and metaconid towards 
one another, curling round into the just mentioned hollow. There 
are no less than four other folds on the sides of the metaconid. One 
of these produces a cusp, visible in side view on the inner side of the 
tooth and separated from the main cusp of the inetaconid by a deop 
furrow, which starting from the edge runs towardr the centrum. 
It soon dichotomizes and its branches run into the lurrow, which 
separates the metaconid from its secondary cusp. The two remaining 
folds, of the four mentioned above, produce two iidges, which start 
some way down from the summit of the metaconid and run as far 
as the centrum. The anterior secondary cusp is also divided by one 
fairly strong and two weak furrows, running towards the centrum. 
Similar furrows, but much more feebly marked, are to bo seen on the 
entoconid ; traces of these can also bo seen as furrows on the external 
wall of the tooth. Both the hypocoiiid and the mesoconid are too 
much worn to show any very distinct trace of folding. 

Beyond the folds mentioned and a few others of limited extent, 
but all of which arc visible to the naked eye, there is no trace of 
the fine rugosity with which the entire surface as well as the sides 
of the tooth in Dryopithecus darwini would appear to be covered. 
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On' the contrary the surface of the tooth, even on the little Worn 
ractaconid, is quite smooth and polished between the various 
furrows. 

The cingulum still remains to be mentioned. This exists only 
in the form of a broad shelf or ridge, which links the bases of the 
protoconid and hypoconid and to a smaller extent of the hypoconid 
and mesoconid. It does not extend beyond these limits ; there is 
consequently no trace of the cingulum which in Drycypilhecus datwini 
goes right round the antero -external angle of the tooth. 

The hinder root of this tooth is strongly produced backward. 
There is a distinct oval polished face on the front wall of the tooth 
caused by the contact against it of the tooth in front. 

Second lower molar . — This tooth is shorter than nij, but broadc^^ 
in proportion, its dimensions being, length ll-G mm., breadth 9'9 mm., 
height 5-4 mm. It is much more worn than m^, and therefore the 
various folds, which are plaiiily visible in that tooth, are either very 
indistinctly so or are even entirely jllaced in this. It does not possess 
the tapering shape of nij, because the hypoconid is not nearer the 
centrum than the protoconid nor the entoconid than the motaconid. 
Thus the sides of the tooth arc parallel. The mesoconid is, however, 
strongly displaced inw'aid, so that the hinder end of the tooth is 
narrower than the rest of it, but lacks the symmetry of m 3 . The 
secondary cusp between the entoconid and the mesoconid is very 
weak ; in consequence, the hollow at the hinder end of the tooth is 
much more pronounced. The cingulum, linking together the bases 
of the protoconid and hypoconid and of the hypoconid and mesoconid 
is quite distinct. 

A comparison of these two molars with those assigned to one or 
other of the three previously known species of Dryoyithecus leaves no 
doubt in my mind as to the propriety of referring this mandible to 
the same genus. From Man, as well as from each of the living genera 
of anthropoid ape.,, Dryapithecus differs in the greater excess of length 
of nij over m^. This is shown in the table on page 72. 

From Man, the Chimpanzee, Orang, Gorilla and also from the 
fossir genus Sivapithecus, the molars of Dryopithecus differ by being 
less broad in relation to their length. This is rendered clearer 
by the breadth indices tabulated on page 70. 

- The hindermost cusp, mesoconid, is more strongly developed 
in Dryopithecus than in Man, the Gibbon, Chimpanzee and Orang. 
This weakness of the mesoconid is especially noticeable in m|; in 
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fact in the genera mentioned the mesoconid in m3 is often altogether 
wanting. 

The folds or wrinkles on the surface of the crowns of the teeth 
offer a means of distinction, although it seems likely that this is 
often a character which varies within the same genus according to 
its stage of development, and may, therefore, only be of specific im- 
poitance. Thus, although the teeth of Caucasian man are not charac- 
terized by more than a few strong wrinkles, those of the fossil man^ of 
Krapina and some of the lowci races have the surfaces of the molars 
rather richly covered by them. Moreover, the wear of individual 
fossil specimens may easily deceive one as to the strength of the 
feature in question. Nevertheless, their strong development in the 
Oiang distinguishes that genus not only from Dryofitheevs but also 
from every other so far described. Kcpially the absence of wrinkles 
distinguishes the (Gibbon as well as Pliojnthecvs. The folding of the 
enamel in Dry op ii keens is very much less in intensity and frequency 
than in the Orang. The wrinkles in the Chimpanzee are often 
numerous but are very much finer than those of Dryopithecus. The 
Gorilla has SfDmetimes very numerous and \eiy strong folds on the 
molar surfaces. In Man, as observed belorc, the wrinkling appears to 
be variable, but the folds, though occasionally as strong or even 
stronger than in Dryopil herns, are not so numerous. In Sivajnthecus 
the folding of the enamel is, like Man, coarser, but less frequent 
than ill Dryopithecus. Neopilliecus hrancoi has much feebler wrinkles. 
Moreover it is distinguished from Dryopithecus by the much greater 
length of m3. 

Each one of the distinctions enumerated above is as applicable to 
the teeth under consideration as it is to Dryopithecus. They agree 
in every detail relating to the arrangement of the cusps and the folding 
of the enamel, with the lower molars of Dryopithecus rhenanus, as de- 
scribed and figured by Schlosscr^ and to a smaller extent with Dryopi- 
thecus darwini as described and figured by Abel®. I am quite un- 
able, therefore, to refer the Punjab mandible to any other genus. I 
may, however, point out some additional featm'es, in which my speci- 
men may be distinguished from certain genera which approach it 
somewhat nearly in regard to the characters already detailed. Thus, 

^ Gorjaiiovic-Kramborgcr, Dor diliivialo Monsch von Krapina, Mitt, d* Anthrop. 
Qesdls. Wien., XXXI, (1901), p. 100, pi. 2, 3. , . . i. 

® Sohlosser, Boitrago zur Kenntniss dor iSaugc^hiorn'ete aus don siid doutschcji Bonner- 
zen, Oeol. u. Pal. Abtuindl. iX, (1902), pt. 2, p. 124. 

» Abol, 1. c., p. 1185. 
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the breadth index of the Gorilla sometimes does not exceed that of 
these teeth by much, while the folding is sometimes equally intense. 
The Gorilla is, however, easily distinguished by the exceedingly deep 
furrows which separate the main cusps, apart from the inferior 
length of m, in relation to m 2 . Besides the points already men- 
tioned, Sivapiiheciis differs by the higher cusps, the complete absence 
of a cingulum and the absence of secondary cusps. 

A comparison with Palceopithecus is much more difficult, both 
because that genus is known only by the upper dentition, and al^io 
because the upper teeth are in such an advanced stage of wear that 
one cannot be certain either of the height of the cusps or of the 
nature of the enamel folding. The enamel is, however, very much 
thicker than in the mandible now before us, and it seems almost 
certain that the cusps in the unworn tooth of Palceopifhecus were 
higher and more massive, w'hilc the wrinklhig of the surface must 
have been of an altogether coarser type. It may, perhaps, be 
permissible to be influenced by the fact that the maxilla from 
Haritalyangar, to be described later, shows much clearer evidence of 
belonging to a different genus from PalcBojyitkecus. On the other hand 
this maxilla exhibits a structure and details of sculpture so analogous 
to those of the lower molars from Chinji as to oblige mo to nssign 
them to the same species. 

It remains now to see how this mandible differs from those 
which have hitherto been assigned to the genus Dryopilhecus^. 

These may be said to be four in number, since, as Abel has empha- 
sized, there are two distinct types of tooth referred to D. fontani, 
which in my opinion cannot be regarded as belonging to the same 
species, if even the same genus. These four species may be given as 
follows. Droypthecus fontani, type 1, Lartet. D. fontani type 2, 
Harle^, D. rhenanus, Pohlig, D. darwini, Abel. Of these D. fontani, 
type 2 has the greatest breadth index; next to this comes D. darwini, 
the breadth in the case of this species being due to the strong cingu- 
lum ; D. fontani type I is the next highest, if Harle's measurements 

* Harl6. Nouvollw iiit'ees do Dryopitliiquo do Saint-Gaudons, BuM. 3oc., Oiol., Ftance, 
(3) vol. XXVI, (1890) p. 304. nl. 4. 

* I legrot that Dr. A. Smitn Woodward’s pa^er on a lower jaw of Dryopitheew fontani 
from the upper Miocene of T.i^rida (Spain), published in the Quart. Jour. Oed. Soc. Land., 
vol. 70, p. siO, Dec. 1914, did not reach me in time to enable me to insert in the text any 
joference to this specimen or to Dr. Woodward’s interesting remarks on the ^^mphysis 
of Dryopithecus. These do not, however, appear to be inconsistent with tho views on 
anthropoid evolution expressed by me in the latter portion of the present paper. The 
approximate dimensions of tho molars in the Ldrida specimen axe included in the table 
on page 70. 
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were intended to be quite accurate ; D. pmjnbicus conies next, 
while D. rhenanus is the lowest of all. These, however, form such a 
gradual series that no serious specific distinction can be based on 
this character, though it is interesting to observe that the order is 
in agreement with the 'supposed geological age of the different 
species. 

It seems more important to observe that the length of as 
compared with nig is much greater in D. pinijabici^s than it is in D, 
fontani. This may be correlated with the taper shape of m^ in 
D. piinjabims, due to the displacement towards the centrum 
both of the mesoconid as well as of the entoconid. of Z). 
fontani is. distinguished by being but little narrower in its posterior 
than in its anterior part, the three outer cusps forming a straight 
line. The displacement of the mesoconid towards the centrum is 
greatest in the species D. rhcnanm'y D. darwini and D. punjabiafs 
are, perhaps, equal in this respect. On tlu other hand, in 
D. rhenanus does not taper in the symmetrical fashion so characteristic 
of /). punjabicus, because the entoconid in the former species is not 
displaced and is larger than in the latter. Mj, of 7). darwini would, 
really, be far more lik3 the Punjab species in tliis, were it not for its 
very broad and pronounced cingulum. This cingulum is present, 
})ut less strong in JD. fonlani, but is generally absent in Z). rhemnus, 
though Schlosser^ mentions a molar which show^s what appears to be 
a connecting shelf bct\/ecn the proloconid and hypoconid similar 
to what occurs in 7). punjabicus. Ji is perhaps permissible to em- 
phasize the greater distinctness of this external . cingiJar shelf 
between each of the iw'o paii’S of outer cusps in the Punjab species 
than in 7). rhenanus. It would seem that 7). darwihi has fewer 
main foldings on its molar surface than I), rhenanus, but that it is 
characterized by the presence of a fine series of wrinkles indiscri- 
minately over the surface of the tooth as well as on the sides. This 
type of wrinkling is absent from D. punjabicus, as it is from D. 
rhenanus. The Punjab species, however, seems to possess an equally 
strong and numerous series of large scale foldings, although differ- 
ences in the stage of vrear make it difficult to estimate Ihe real 
strength of the foldings, especially when the actual specimens are 
not at hand for comparison. In D. punjabicus a series of rather 
deep furrows on the internal side of the tooth, which extend a short 
way down the wall of the tooth and in side view produce a dis- 


* Schioaaer, 1. o. p. 126. 
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tinct serrated margin on both the metaconid as well as the entooo- 
nid, appears to be especially characteristic of this species. 

The height of the molars is greater in D. punjahicus than in the 
other species. On the other hand, the individual cusps appear to be 
slightly lower than in D. rhenanus, although a comparison with a 
cast of nij of Dryopiihecus darwini, which Professor Abel has been 
kind enough to send me, shows no difference between my species 
and Professor Abel’s. 

In conclusion, although this mandible is near enough to each of 
these other species of Dryopithecus to leave no doubt as to its generic 
position, there are such differences as to render it impossible to 
place it in any one of them rather than another, and justification 
seems to be afforded for specific distinction. 

Maxilla. 

Some years later than the discovery of the mandible just de- 
scribed, Sub-Assistant Vinayak Rao found at Haritalyangar, in 
Belaspur, one of the Simla Hill States, a beautifully preserved right 
maxilla (Ind. Mus. D. 185), containing the two premolars and the 
front two molars ; this specimen is figured in Plate III. I at 
first referred it to the genus PaloBopitliecus, as a species more primi- 
tive than the species P. siralcnsis. This, however, was before I bad 
been struck by the remarkable analogy in structure and ornamenta- 
tion between these molars and those of the Chinji mandible. In 
addition to the four teeth mentioned, the fragment shows the 
adjoining portions of the alveoli of the canine and of m® as well as 
the base of the jugal process. The edge of the maxilla above the 
canine is intact. The following are the dimensions in millimetres of 
the four teeth : — 



— 

- 




M®. 

1 

1 

j M*. 

Pm« 

I 

1 Pina. 

Length . 





1 

1 

iO-6 


6-6 

7-0 

Breadth 


, 

, 

, 

, 

11-4 

! 11-3 

9-7 

9*6 

Height . 

. 

. 

, 

. 

, 

6‘6 

! 5-3 1 

6-5 

1 6-2 

Breadth Index 

• 

• 

• 

• 


107-6 

j 108-6 

146-0 

136-7 


Penultimate v/pper molar . — This tooth is constructed on the usual 
plan of anthropoid upper molars and consists of four main cusps. 
Of these, the paracone is slightly stronger than the jmetacone and 
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the protocone considerably stronger than the hypocone. All the 
cusps fall very gently towards the centrum and steeply away from 
it, the outer walls of the tooth being distinctly steeper than the 
inner walls. The protocone and the raetacone are connected by a 
strong ridge, running obliquely across the tooth, and the protocone 
and hypocone by an equally strong one, which forms the inner edge 
of the tooth. The protocone and paracone are also connected by a 
continuous ridge, parallel to and not far from the front edge of 
the tooth. Besides this, an oblique crest iiins from the outer 
coiner of the j)aracone towards the front edge, where it meets 
another similar but slightly weaker one proceeding from the 
protocone. Between this and the last mentioned ridge is a 
deep furrow, which is continued, though weakened, over the para- 
cone and a small way down the external wall of the tooth. Six 
smaller folds run down from near the summit of the paracone 
towards the main valleys \vhich separate that cusp from the protocone 
and metacone. 'Fhe corresponding furrows run a short way down 
the outer wall of the tooth and produce in side view a serrated edge, 
which remindh one of the similar appearance on the internal edge of 
the lower molars. Three corres})onding ridges, but less distinct 
owing to the greater wear on that side, run from the protocone to- 
wards the centi’um, anterior to the connecting crest between the pro- 
i.ocone and ni(‘tacone. The metacone has three folds which produce 
crenations on the outer edge. The folds on either side of the crest 
uniting the protocone and metacone are almost entirely obscured 
by wear. vV strong ridge runs backwards from the metacone to the 
hinder edge of the tooth and meets a corresponding and equally 
strong one froin the hypocone. One or two obscure folds descend 
on the frojit side of the latter ridge into an exceedingly deep cavity, 
from which a deep furrow proceeds betweeii the hypocone and the 
connecting crest between metacone and protocone. On its way 
towards the inner edge of the tooth this furrow dichotomizes. The 
front branch runs up towards the protocone and dot*s not reach the 
edge, but the hinder branch runs dowui to the l)ase of the crown. 
The main furrow between the j)aracone and the metacone also runs 
down the external wall to the base of the crown. Between these 
various folds the enamel surface is absolutely smooth and polislied. 

A faint trace of a cingular connection between the protocone and 
hypocone can just be made out. 

'Phis tooth has three roots. 


9 
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First upper molar . — This tooth wants the postero-external corner 
of the metacone. It is slightly inferior in length and breadth to 
m*, but is broader in proportion to its length. Almost exactly the 
same sculpture can be distinguished on the siu*face of this tooth as 
on the last, only it is not always so plain on account of its more 
advanced wear. The only important differences are the somewhat 
stronger hypocone and the presence of a very strong ridge, in addi- 
tion to those mentioned for m^, which connects the hypocone with 
the metacone, running right across the hinder cavity of the tooth. 
A faint trace of a cingular connection between the paracone and 
the metacone can also be just made out. is three-rooted. 

Hinder upper premolar . — This tooth is much broader than long, 

and consists of an inner and an outer cusp, botli of which fall 

equaUy steeply towards the sides and the middle of the tooth. 

The outer cusp is higher than the inner one. Both* have strong 
ridges, running forward and backwwd from the summit, though 
they are stronger in the case of the outer than of the inner 

cusp. Two strong ridges run from each, parallel to the hinder wall 
of the tooth, to meet in the mid line. The foremost of these 
two ridges is continuous right across the middle of the tooth, 

but the hinder one is cleft by a median furrow. Two additional 
transverse ridges run from the ends of the anteroposterior ridges 
mentioned above and form the front and back edges of the 

tooth respectively. Three deej) cavities, one median and the 
others anterioi and posterior are formed between these ridges. 

These two latter stand at a lower level, that is nearer the 

base, than the median cavity. The posterior one of these is 
continued by a furrow, which passes over the outer edge of the 
tooth and can be seen on the external wall. An additional short 
fold runs down from the summit of the outer cusp into the hinder 
cavity. This tooth is three-rooted, the roots being divergent. 

Front upper premolar . — The front wall of this tooth is not 
parallel to the hinder wall, owing to the forward prolongation of 
the antero-external angle, which makes the external side of the 

tooth longer than the internal side. The internal side is actually 
shorter than the corresponding side in pm^, while the external 
side is longer than in pm^. In other respects, the structure of 

the two premolars is very similar. There are the same four 

cross ridges, of which the hinder of the two central ones is cleft 

by a median furrow\ The foremost cavity sinks, however, to a 
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lower level than in pm^ while the foremost of the ridges is con- 
tinued as a strong crest on the external wall of the tooth, with 
a corresponding furrow in connection, which runs down to the 
base of the crown. Additional short ridges run from the summits 
of both cusps into the central cavity. This tooth has also three 
divergent roots. 

The dimensions of these teeth, the moderately low cusps, the 
complexity of the folding of the enamel, and, above all, the pecu- 
liar serrated outer edge of the molars incline one so strongly to 
the opinion that we have before us a maxilla and mandible which 
belong to the same species, that, unless fairly conclusive evidence 
were forthcoming of a close affinity to another genus, or of the 

existence of features in the maxilla, which told against an affinity 

with Dryopithecus, T should feel fairly certain that the similarity 
mentioned between the mandible and the maxilla indicated specific 
identity. 

The only upper teeth of DryopUhecus known are the two molars 
from the Suabian^’flohnerz of Melchingen, figured both by Branco^ 
and Schlosser^ and described in detail by the latter. One of these 
is almost unworn and shows the foldings perfectly ; the other is 
badly worn. Certain details of the enamel sculpture are not as 
plainly shown on the Haritalyangar specimen as on the Bohnerz 
tooth, owing to the more advanced wear of the former, but, 

apart from minute differences, the two agree so closely as to 

make it fairly certain that they belong to the same genus. 

I know of no other upper molars, which approach these at all 
nearly in structure. Those of Man and the Chimpanzee arc dis- 
tinguished by their much less complicated system of folds, especially 
in the hinder part of the tooth, Man and the Orang have 
distinctly broader molars, the excess of breadth over length being 
particularly marked in m^. The upper, like the lower molars of 
the Orang, are clearly distinguished from these by the profuseness 
of the wrinkles, with which the whole surface of the crown is 
covered. Gorilla approaches these teeth somewhat in the com- 
plication of the folds, but can easily be distinguished by the elevated 
cusps and the deep furrows which separate them from one 
another. The molars of the Gibbon exhibit not only the same 

^ Branco, Die menschenahnlichen Zahno ana dem Bolincrz der schwabischen Alb. 
Jahreskeft. d. Venina /. voter. Naiur. WnrUemhurg, LIV (1898), pp. 1-J44. 

, • Schlosaer, 1, o., p. 125. 

C 2 
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deficiency of the main folds, which has been noticed in the case 
of Man and the Chimpanzee, but the secondary folding is almost 
entirely absent. The latter character prohibits any near affinity 
with Plio'pithecus. Neopithecus^ is known only by the last lower 
molar, but the smaller breadth index of this Is indicative of 
narrower upper molars than is the case in Dryojnthecus. Its folds 
are also feebler. GrvpJiopithecus ^ is clearly distinguished from the 
present specimen and from the upper molars of Dryopithecus 
rhenanus, by its exceedingly large breadth index, by its very much 
simpler structure and by the absence of the finer system of folding. 
Pithecanthropus has molars at least as broad as Griphopithecus, 
PalcBopithecus has a very massive hypocone, which, however, is so 
closely approximated to the protocojio and to the ridge connecting 
the protocone with the metacone, as to leave no room for the comj)li- 
cated system of ridges and folds which Dryopithecus shows in this posi- 
tion. In consequence of this, also, the breadth index of the Palcropi- 
thecus molar is considerably in excess of what it is in Dryopithecus. 
The badly worn condition of the maxilla of Pahvopithccus occa- 
sions a doubt as to the details and intensity of the sculpture, but 
it is likely that in the unworn tooth the cusps were higlier, the 
folding less, but coarser, and the enamel thicker than in the Hari- 
talyangar species. The differences in the premolars of Palwopi- 
thecus will be commented upon later. Sivapithecus alone remains ; 
this is known only by lower teeth, which are also little worn. 
Judging, however, by the massiveness of the cusps, the greater 
coarseness of the folds, the high breadth index and other mandibular 
features, which indicate a nearer affinity to Man than other apes 
exhibit, it is unlikely that the ilaritalyangar maxilla belongs to the 
same genus as the Sivapithecus mandible. 

Having reached the conclusion that this maxilla belongs to the 
genus Dryopithecus^ the differences from Dryopithecus rhenanus, the 
only species of Dryopithecus, in which the upper molars are 
known, may be summed up as follows. The breadth index of 
the molars is greater. The cusps are probably lower. The outer 
cingulum is less clear. In the Haritalyangar maxilla the furrows 
on the outer cusps cross the edge of the tooth, and so produce 
in side view a serrated appearance, which appears to be absent 
from Dryopithecus rhermnus. 

^ Neopithecua^ArUJtropodus braned, Sohlosaor, 1. c., p, 119. Abel, I. c., p. 1173. 

* ^bel, 1. c., p. 1177. 
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We may now proceed to discuss the affinities of the premolars— 
the first upper premolars of the genus Dryo'pithecus, which have so 
far come to light. The most characteristic, feature of these teeth 
is the existence of the two well marked central ridges which connect 
the inner and outer cusps. This character is quite in accord with 
the intensity and number of the folds which the molars of Dryopi- 
theem exhibit, lii Man and the (jlibbon, tiiere is no trace of them, 
the single central cavity being bounded solely by the anterior and 
posterior ridges, which foj-m the front and back edges of the tooth. 
JPalwopithecua seems to show a trace of the sanjc structure, so far 
as it is possible to make out tlie details on a crown that is nearly 
worn down. In PakiopUhecus, the anterior and posterior ridges 
are on a distinctly lower level than the middle of the tooth, as is 
the case in DryopUhecus, while in the raised convex median portion 
there is a faint furrow. 1 am j]ot, however, inclined to think 
that either the central ridges or the median cavity were ever 
so pronounced, a»s is tlie case in the ilaritalyangar maxilla. There 
seems to be an approac.h to the san)e conformation in pm'^ of the 
Chimparv^cc, though 1 have not had the op])ortunity of examining 
an actual unworn specimcji. In the (Jorilla we hav^c essentially the 
same strue.ture, witli the important diflerence that the two folds 
do not meet in the mid line of the tooth, so that the central cavity 
ai’e less well defijied. A tra(5(‘ of an analogous (condition is, how- 
ever, visibh? in the hind(U’ ridge of the Ifaj italyangai' prcmolars, which is 
bisected by a median furrow. As a whole, in the tJorilla the folds 
arc not thrown into such strong relief as is the case in DryopUhecus, 
due to the successive alternation of continuous ridges and deep 
hollows. In the Oraiig the arrangemejit of the main folds of the 
premolars is the same as in tlie present s])ecies, hut the ridges and 
the central cavity are less clearly delined, on account of the com- 
plicated system of secondary folds and wrinkles, which are absent 
in the fossil tooth. The breadth of both the premolars is very 
much behind what olitains in PaUvopithevas and the (himpanxec, 
though this measurement seems to be somewhat variable in the 
latter ; it is in excess of tliat of the other living ajies and Man. 

The breadth index of pm'^ in Dryopilheciis is less than would be 
the case, were not the length increased by the prolongation of the 
antero-externalcorner. No anthropoid species has hitherto been dis- 
covered, which has its pm^ extended to such a marked degree at 
the antero-external angle, so as to be almost triangular in sliape. 
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Such a pm^ occurs in some of the Cerafpithecidw, and an undoubted 
trace of a similar conformation exists in the Gorilla, and the 
Orang with even the small ridge on the outer cusp, to which atten- 
tion has already been called. Pm'"' of Palceopitlwcus^ though it has 
lost the major portion of its crown, is shown# by what remains 
to have had quite a different shape. 

The three divergent roots of both the premolars are similar 
to those of the Orang, Gojilla, and Gibbon. The Chimpanzee has 
a three rooted pm®, but its pm^ has three roots only very occasion- 
ally. In Man both premolars have two parallel roots. The pre- 
molars of Paldvpitliecus have three roots, but they arc more parallel 
than in Dryopithecus. 


Isolated upper molars. 

The last two specimens, which 1 have to consider under the head 
of Dryopithccus punjabicus, arc Ind. Mus. Nos. 1). ]8() and D. 187, 
which were found in the Chinji zone of the Lower Siwaliks near Chinji, 
without any more exact record of their locality being preserved. 
No. D. 186 is a 3rd left upper molar and No. D. 187 one of the 
two left front molars. 

Front upper molar , — The dimensions of this tooth arc : length 1()*0 
mm., breadth 10*9, height 5*7, breadth index l()9-0. It is figured in 
PI. II, fig. 4. Though less worn by attrition during the anirnars life 
than the Haritalyangai’ molars, it is not so well preserved, but in 
all essential respects, it resembles them very closely. The cusps 
are slightly higher, and they slope more steeply towards the 
centrum, and less steeply on the inner side of the tooth, so that 
they arc rather more pyramidal in shape than in the maxilla. The 
two ridges, which proceed from the paracoric towards the pro- 
toconc and parallel to the front edge of the tooth, end in a small 
but distinct cusp, adjacent to and in advance of the piotocone. 
This small cusp recalls that described by Schlosser^ in an upper molar of 
Dryopithecus rhenanus. No doubt if the Haritaiyangar maxilla were 
less worn a similar cusp would be visible. Even as it is, in certain 
lights there is a faint trace in the latter specimen of a furrow in 
this position. The furrows on either side of the connecting crest 
between the metacone and the protocone are rather deeper than in 
the Haritaiyangar teeth, and the main furrow between the proto- 
cone and the hypocone is rather more intense. 1 do not, however, 


^ Sclilosaor, 1, c., p. 125. 
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regard the differences as sufficient to proliibit the inclusion of it in 
the species DryopUhecus punjabtctis. As its dimensions accord more 
with those of m^ in the Haritalyangar maxilla it is probably to be 
referred to that position in the jaw. 

The occurrence of an upper molar in the (ffiiiiji area similar to 
the molars in the maxilla from the Simla reojf)n is interesting as 
affording further testimony in fav<mr of referring the maxilln. in 
question to the same species as the type mandible. 

fjost upper moUtr.- -The tooth, just described, is also important, 
for the reason that the features, which 1 have mentioned above 
as different from those of the molars in tlic maxilla, are shared 
by the isolated in’* (D. 18(1), which does not carry on it the 
hall-mark of identity with the maxilla. Hence any feature, which 
this in’* shares in common with H. J87, may be. regarded as an 
argument in favour of assigning the former to the species Dryapiihecus 
punjahicus. Still the reference must lie regarded as quite provisional. 

The tooth, which is rc])rcsented in PI. Il- tig. 5, is not much 
worn, but the conditions of fossilization have not been such as to 
preserve the details of the specimen so well as the maxilla. The 
cusps are higher than those of the co-(,ype, and more jiyraraidal in 
shape, because they slope more abruptly to the centrum and less 
abruptly towards the base of the ciown. Its dimensions are : length 
9-6 mill., breadth 11-3, height 0-8, breadth index 1J7-7. Its antero- 
posterior, therefore, greatly exceeds its transverse diameter. The 
latter is greatest at the front of tlie tooth, and diminishes rapidly 
backward. 

The usual four main cusps of the anthropoid upjier molar can 
be easily distinguished. 01 these, the protocone is the largest, the 
paracone. falling slightly behind it in jioint of size. Both the 
metaconc and hypocone arc much i educed. The paracone has a 
ridge running backward and forward from the summit, and two well 
marked ones in the diicetion of the piotoconc, of which the front 
one forms the anterior edge of the tooth. Between these two ridges 
is a deep furrow, similar in character to that in the molars ot the 
Haritalyangai maxilla. Both of these ridges end in a secondary 
cusp, adjoining and in advance of the protocone. This is more 
distinct, but similar in character to the one, just referred to in the 
isolated m’ in precisely the same position, and recalls the similarly 
situated cusp described by Sehlosser in the upper molar of Dryopi- 
theous rhemnus. In the present tooth a furrow runs down the wall 
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of the crown, at the antcro-iutemal corner, between this secondary 
cusp and the protoconc. 

The other folds on the paracone and jnotocorie are very obscure. 
The rid^e connecting the nietacoiie. witli the protogone is cleft 
by two furrows, both of which arc niore deeply cut on the side 
whi(*h enters the main vaMey between the ])rotocone and paracone, 
thus producing another secondary cusp in the very middle of tlie 
tooth. The hypocone is comuicfced with the nietacone by a single 
ridge, forming the posterior edge of the tooth, as in of the 
Ilaritalyangar maxilla, and diflVrent from m^ of the same jnaxilla, 
where there is a double ridge. In the present tooth tiiis ridge is 
cleft by two furrows, vv^hicli unite into one towards the centrum, to 
form the valley bet\veen tlie hypocone arid the connecting protocone- 
metacone ridge. These tw'o furrows just (;ross the edge of the 
crown, thus producing a third seeojidary cusp, adjoir)ing tlie hypocone 
and behind the rnetae.oiie. The hypocone contains some addi- 
tional obscure; folds, which^ end in the^main ' I valley between it and 
the protocol! c-mctacone connecting>ridgc. This latter valley dicho- 
tomizes into twT) furrows, in precisely the same manner as has been 
described in the case of the molars of tlie Haritalyangar nui.xilla. 
The foremost of these branches runs up towards tlu' pfotocoiie and 
again dichotomizes, the one of these secondary luanches running 
into the fiirrow mentioned above, by wdiich the lU'otocojie-metacone 
ridge is cleft, the other running to the inner edg(' of tlie tooth whicli 
it just crosses. The hindermost of the two branches of the main 
posterior valley runs vertically dowm to the base of the crown as a 
deep fiiiTow, separating the protocone and the hypocone. On eitlier 
side of this furrow, a cingular connection between the protocone 
and the hypocone is very distinct, far more so than the similar 
feature in in^ of the Haritalyangar maxilla. 

Comparing this tooth with the coiresponding one of other genera, 
it differs from Man and Pithemnlhro'irus by the much smaller reduc- 
tion. In both the Chimpanzee and tJorilla, although the reduction 
of the liinder portion of m® seems, as a rule, to be no less than in 
this tooth, yet that reduction has not affected the metacone much, 
which is very much larger than it is in the Ohinji tooth. This is equally 
ajiplicablc to the m^ of Palwopithecus. of the Oraiig approaches 
this somewhat more nearly in structure, but the complex system 
of wrinkles in that genus piohibits any very near affinity . From 
the Gibbon as from Griphopithecus it is distinguished by the absence 
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of folding in those genera. Tin? coirespoiuling tooth from Chinji, 
which has been assigned to the ucav' genus Pal(rosinna. differs froni 
this, both by its exceedingly strong series of wi inkles, and by its 
inferior breadth index. 

In conclusion the intensity and disposition of tlie folds of this 
tooth do not agree with any other genus so well as with J)nfopif/i(>rus ; 
moreover, tli<^ diuionsions, as well as many d(‘ta.ils of structure, accord 
with those of the llaritalyangar maxilla and with the ('hinji upper 
molar. I lia\e, therefore, no hesitation in assigning it [)rovisionally 
to the species DniojullaruH yuiijnhims. 

DRYOPITHECUS CHINJIENSIS n. sp. 

Plate 11. G, 7. 

The tyj)c of tliis species is a. last l(‘j‘l, lower molar, Jnd. Mus. 
1). 17i), figured in PI. II, fig. G, wliich was found in thc(!Jiinji horizon 
of the Jiower »Siwalikci, in the neighbourhood of (lliiuji, by Sub-Assist- 
ant M. Vinayak Pao. 

It is with some dould that 1 assign this tooth to tlu* genus 
Dnjapithecus, since its cusps are rather higlun* ilian one would 
expect, l)ut as its other characters do not. seem to ally it to any 
oth(‘r genus and are closer to those of Orffopif/iccui;, I 2 )ropose to 
|)rovisionall y place it here. 

Its diinensions are as follows : Ieng1.li I 1-7 mm., breadth 12-7, height 
7-8, breadth index 80-1. The gr(*at(‘st breadtJi lie’s in tlic anterior 
portion of the tooth, bul it hardly begins to dij)iinish appreciably 
until the hinder third, diilering in I Ids respect froji^ J). punjabiem. 
The hypoconid, thus, does not lie internally to tin* ])rotoconid, but 
on the other hand the mcsoconid is more disj)laced from the line 
of tlie otlier two external cusps than is the. cas(i iji the last 
species : in this respect it recalls D. rhevanas. The folding 
of the enamel is fairly distinct on the internal cusps, but has 
been largely affected by weai on tin? external ones. The incta- 
conid is the largest of the cusps, but the oth(?r four cusps are appro- 
ximately equal in size ; thus, the entoconid and the liypocouid are 
larger than in D, punjabicus, again sliowirig a greater resemblance 
to D. rhenanus. The cusps slope gently towards the centrum, but 
more abruptly towards the sides of the tooth, niuch iiicu’e abruptly 
on the internal than on the external side. There is a distinct 
cingular connection between the protoconid and the hypoconid, 
situated about half way down the base of the ciown, though not quite 
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so broad as in D. punjabievs, and the faintest trace of one 
between the hypoconid and the mcsoconid. There is a small 
secondary cusp between the entoconid and the inesoconid, but 
it is not possible to say that there is one between the metaconid 
and the entoconid, although a short furrow on the metaconid in- 
dicates a region, which corresponds to the secondary cusp in D. 
punjabievs. 

Two parallel ridges connect the protoconid and the metaconid, 
one along the front edge of the tooth and the other immediately 
behind it. The cavity between these two ridges is a slight one. Be- 
hind this again there arc three other folds on the metaconid ; the 
furrow, associated with the middle one of these, just passes over the 
edge of the crown and produces a serration in side view. Traces of 
four folds are visible on the entoconid. The furrow, which separates 
the hinder secondary cusp from the entoconid, is only faintly visible 
in side view. 

The breadth index of this tooth agrees very well with that of 
Dryopithecus, being a little higher than D. rhenanus and punjabicus, 
though not so high as in D. chtrwini. 

The only other genus with which it might be compared is Sivapi- 
thccus, with which it agrees in the height of its cusps. The much 
higher breadth index of ni^ in that genus is sufficient to distinguish 
it, together with its greater simplicity both as regards folding 
and general stjucturc of the tooth, the smaller size of the metaconid, 
and the more backward position of the inesoconid. 

It can be distinguished from Dryopithecus fontani, in which the 
cusps arc higher than the other species of Dryopithecus^ by the more 
inward position of the inesoconid and the smaller cingulum. From 
this, as well as from every other species of Dryopithecus hitherto 
known, it differs by its greater absolute dimensions. 

I have in my collection from the Lower Siwaliks of Chinji two 
lower molars, (Ind. Mus. Nos. U. 180 and D. 181), of which the 
former is figured in Plate JI, fig. 7, which seem to belong here. They 
are, obviously, front molars, both on account of their shape and on 
account of the presence of facets of wear on the hinder as well as 
the anterior wall of the tooth. 

Their dimensions are as follows : — 






I). 180. 

D. J81. 

Length . 


. 


. JI-4 

11-7 

Breath 

. 


. 

. 10-0 

10-2 
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. 
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. 

6-7 

5-2 

Breadth index 

. 

, 

. 

. 87*3 

87-1 
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The cusps of the former of these teeth are too high to permit 
US to assign it to the species D. punjahiem. Moreover, its simpler 
structure, the absence of a ciugular shelf between the outer cusps 
and its higher breadth index militate against the possibility of its 
being iiig of that species. Its gr(3ater absolute size, apart from 
the other differences mentioned above, would prevent us from con- 
sidering it as nij of Drjfopithecm punjabivus. 

From its general cliaracter and breadth index it might well be 
the left of IJryoptllteeus chlfhjiensis. It is a little smaller than 
one would pi‘rhaj)s have expected, but the dimensions of nij of 
Sivapitkecus bear almost the same ratio to those of m^ as is the 
case here. 

The second tooth is on tlie riglit side and is in an extremely 
advanced stage of wear and beyond t]u‘< fa( t that it agrees perfectly 
in general structure with the last specimen, nothing more can be 
said about it. It seems to have belonged to a larger individual 
than the owner of D. 180. 

DRYOPITHECUS (ilGANTEUS n. sp. 

Plate 11. Ful 8. 

The isolated tooth (Ind. Mils. 1). 175), hgured in PI. If, iig. 8, was 
obtained from a bed of creH)!i-eoloai<Ml, concretionary sandstone on the 
jiortlici ri edge of a hill, >vhicli is situated close to and north of the 
small village of Alipiir in the eastern part of the Salt Range area 
on the south-eastern flanks of Diljabba ridge, on the meridian 
73^ 14' and is tlierefoie 3 miles nortli of the map, which accom- 
})anied the autlioi's pa])ej‘ on ilio Coirelatioji of the Siw^aliks with 
Mammal horizons of Furopek 

It is very near the boundary between the Low(»t and Middle 
Siwaliks, but as the typical red concretii>nary b(?ds of the Chinji zone 
are well exposed below tlic bed in which the tooth was found, and 
as this bed does not differ materially from certain beds of the Middle 
Siwaliks at Nagri, 10 miles east of Chinji, 1 have little hesitation in 
assigning it to the Nagri horizon of the Middle Siwaliks'^. 

The specimen is merely the crown of a tooth, without any roots 
attached thereto. Its dimensions arc as follows : length 19-1 mm, 


* pilgrim 1. c. PL 27. 

* Pilgrim 1. c. p. 267, 318. 
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breadth 15-3, height 8-5, breadth index 80- 1. It is, thus, much longer 
than broad and contains the live ‘ typical cusps of the anthropoid 
lower molar. It does not taper at all within the limits of the two 
external or the two internal cusps and only very slightly on the 
external side at the level of the mesoconid. It is thus almost a 
rectangular tooth. The cusps descend steeply to the base of the 
crown on the internal side and more gently on the external side. 
From both sides the descent to the centrum is gradual. 

Of the main cusps the nictaconid is the largest and highest, the 
protocoiiid and hypoconid are about equal in size and height, the 
entoconid is a little smaller, and the mesoconid is the smallest of 
all. The general height of the cusps is slightly in excess of what 
is probably the case in Dryopiihecus punjahicus, but in defect of D. 
chinfiensis. There is no trace of a cingulum or of a cingular con- 
nection between the outer cusps, the fiuTows between them as 
between the other main cusps being deep and running right down 
to the base of the crown. 

In its general structure and the nature of tlie enamel foldings, 
this tooth can be easily seen to correspond fairly exactly with the 
species Dryopithecas punjahicus and, as far as I can judge, with the 
other previously described species of that genus. The secondary 
cusps, which Schlosser has described for D. rhenanus and Abel for 
D. danvini, exist in this tooth as what may be described as a series 
of small cusps or in the case of the hinder, between the mesoconid 
and the entoconid, as a crenulated ridge. The appearance of this 
tooth in side view is, in fact, almost identical with the correspond- 
ing one in D. punjahicus, excej)t that here four crenulations are 
visible instead of three. This tooth is, no doubt, less affected by 
wear than those of I), punjahicus, and its greater absolute size 
also tends to make the wrinklings appear stronger than they other- 
wise w^ould ; still there seems no doubt that the folds and furrows, 
though occupying precisely similar positions to what they do in D. 
punjahicus, are both more numerous and more intense than in the 
latter species. 

The specimen must be the last right lower molar, both because 
of its shape and the absence of any posterior facet of wear. 

It is very considerably larger than any hitherto described species 
of Dryopithecus, but it does not seem possible on that account to 
separate it from them generically. 
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Its low breadth index separates it from every other genus except 
Neo'pithecus and Pliopithecus. The in.^ of the forinei; is still more 
elongated than in my specimen and difl’ers besides by the much weaker 
cusps and folds. The latter gejius differs by the entire absence of 
wrinkling and by the strong cingulum. 

Mg in the Gorilla, besides being broader, has much higher more 
isolated cusps, much fewer wrinkles and generally a more simple 
structure. 

By its size alone it can be distinguished from all other species of 
DryopUheeus. It seems to agree more nearly with D. fontani, by 
its rectangular shape, its higher cusps and its crcnulaled internal edge. 
The inesocqnid in iri^ of that species is. however, more in a line 
with the protoconid and the hypoconid than in 79. ffigantem, and 
tliere is a distinct (dngidum in the main type of D, fontani. 

From 79. darwini my species differs by its absence of backward 
taper, and of a cingulum as also by its more elongated shape, the 
greater frccjuency of its main folditigs and the grt'ater inw'ard dis- 
placement of the mesoconid. 

The breadth-' index would seem to approach more nearly that 
which obtains in 77. rhenmivs, but in that species nig tapers more 
and the mesoconid is more inwwdly displaced, while the folds appear 
to be less numerous than in D. (/{(janteus. Th(‘, sub-triangular shape 
of D. pimjahwus, its greater breadth index, its lower cusps and 
the cingiilaj* shelves are the most noteworthy ])oints of difference 
from D. cj'ujmiteus. 

D, dm ijiensis differs by its greater breadth index, its higher 
cusps and its altogether simjiler structure. 

PAL/EOSIMIA RUGOSIDENS n. gen. n. sp. 

Plate II. Fnj. 9. 

This genus and species is founded upon a last right upper molar 
(Ind. Mus. 19. 188), figuied in l^late II, fig. 9, which was obtained 
from the Chinji zone of the Lower Siwaliks in tlie neighbourhood of 
Chill] i, though its exact locality is unknown. 

Its dimensions are as follows, length 10-8 mm, breadth 11*9, height 
6-3, breadth index 1101. The tooth is broadest in its front portion 
and diminishes fairly rapidly backwwd, both inner and outer sides 
converging at approximately equal angles. The four main cusps of 
the anthropoid upper molar can be easily distinguished, the largest 
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being the protocone, the paracone falling considerably behind it in 
point of size ; the metacone is somewhat smaller than the paracone, 
while the hypocone is much reduced. The crown is but little 
worn and the sculpture of the surface is perfectly preserved. 

It will be most convenient to compare this tooth witfh the isolated 
last upper molar (Ind. Mus. No. D. 186), which has been described 
under the head of Dryopithecus punjahiem (p. 23), and I may at 
once say that the question of referring these two teeth to the same 
genus has been strongly in my mind, and has caused me a consider- 
able amount of hesitation. 

The two anterior transverse ridges, connecting the protocone and 
the paracone, are present and end in a distinct cusp in advance of 
the protoconc. The front one of these ridges is slightly crenulated. 
The paracone has five strong folds in addition, and each of these has 
numerous crenulations across it. The protocone has an additional 
four, the metacone seven, the hypocone two and all of these have 
the same cross crenulations. The connecting ridge between the 
metacone and the protocone is cleft by deep furrows, which separate 
its median portion as a distinct central cusp even more markedly 
than in the m® of Dryopithecus punjahicus referred to above. This 
also possesses folds both in front and behind. There are two cre- 
nulated secondary cusps behind, between the hypocone and the 
metacone. All the cusps are low, but, in spite of the numerous 
secondary folds, the main boundaries between them can be distin- 
guished better than in the Orang. Tlie furrow between the proto- 
cone and the hypocone only just crosses the edge of the tooth, and 
is no more pronounced than those between the two hinder secondary 
cusps or the furrow separating them from the hypocone. 

Thus it will be seen that the characteristic feature of the present 
tooth is the number and intensity of the wrinkles on the enamel 
surface. In this respect it can only be compared with the Orang 
among recent or fossil anthropoid genera. It seems to me quite 
impossible that the m® (No. D. 186), referred to above, could have 
possessed so strong or so numerous wrinkles. The general struc- 
ture of the two teeth is rather similar, but the same might be said 
of the Orang, which in regard to the character and arrangement of 
its folds is nearer to Dryopithecits than to any of the living genera. 
Certain other differences, moreover, seem to support the view that 
the two teeth belong to generically different animals, and that the 
present genus was derived from a hypothetical marginal species of 
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Dryopithecus, perhaps somewhat nearer to D. danvini than to the 
later species, and in any case witli characters approximating more 
nearly to those of the Orang. 

These differences are as follows : — 

(1) The breadth index of this tooth is very nuich greater than 

that of No. I). 186. 

(2) The protocone is imich larger proportionately, while the 

metacone is not so reduced. 

(3) Corresponding to the reduction of the metacone in /). 

jmnjahicus, the outer edge of the tooth runs inward much 
more obli(piely tlian is tlie case in tlie present specimen. 

(4) The cingular connection between the j)rotoc()ne and the hypo- 

cone in J). punjabicus is wanting in the present specimen. 

(5) The inner edge of this tooth forms a Hharp rounded curve 

extending from fro!\t to back, much as in the Orang. 
This edge of the nr^ of Druopifhecus phnjabicHS is praiitically 
straight. 

PAL/eOPITHECUS SIVALENSIS, Lydekker 

1871). l^uhtoyHhccns tnih'ii.'si.'t Lych'kkv'V, t’iirll)(*r hoI-km's of Siwjilik MainiiinliM, /?rr. 
6Vo/. i^nriK I r/., XII, ]i. Ikk 

1880. Traylo(hfi(\ft Lytlokkor, Tmlian T(‘rUarv ;ind Po.st-Torti.H’v \’rrt<‘l)rata 

Pal. 'j'pd.. > . X, vnt* IV, pt. I, p. 2. 

181)7. P<iht>opitJif>('us DuboJK, LicIkt clnd aiis^eslorlxMir* AlrnsflKwialTMi, 

JoJftb. f. Mitt. (hiil. n. Pf,i. StuItgMrt, vol. 1. p. 81. 

The maxilla, on which the present species was founded, has been 
described both by Lydekker and Dubois. The latter writer ques- 
tioned Lydekker’s later attribution of the species to tlie same genus 
as the Chimpanzee and resuscitated his earlier generic name. 1 have 
carefully examined the specimen and remeasured it, with the result 
that I entirely agree with Dubois as to its claim to generic distinct- 
ness. I may add that my measurements of the individual teeth have 
been made for each tooth separately without regard to its relation 
to the other teeth in the series ; they are taken in the direction which 
anyone would naturally adopt, supposing tliey were isolated teeth. 
In this way they should be more accurately comparable with the 
numerous anthropoid* teeth which are found detached from their 
mandible or maxilla. The measurements are tabulated, for comparison 
with other genera, on page 68, I may also remark that all the teeth 
are so much worn that it seems unfair to base any conclusions either on 
the apparent lowness of the cusps or the absence of crenulation on 
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the enamel. I should, on the contrary, conclude from the few traces 
of sculpture still left on the left m‘^ and by the general appearance 
of the teeth that in both of these respects they do not differ at all 
from Sirapithei us and early types of Man. The cusps are, therefore, 
higher than in most specjies of Dryopithecus, whife the folding is 
probably coarser than it is in that genus, though not so complicated. 

The differences of Pala^opithecus from the Chimpanzee may be 
summarized as follows : — 

(1) The palate is narrower than in the Chimpanzee. 

(2) The molars and premolars are broader in proportion to their 

length ; this breadth is especially noticeable in the front 
portion of the series. 

(3) Tn spite of the breadth of m^, tlie degeneracy, as estimated 

by the disa])})earance or reduction of the hypoeone, is less 
than in the recent genus. 

(4) Tn Pahmpiihecns both pm^ and pm^ are 3-rooted. In the 

Chimpanzee ])m'^ is never 3-rooted and prn^ only occa- 
sionally so. 

(5) The height of the cusps is probably greater than in the 

Chimpanzee. 

(6) The crenulation of the enamel is probably much less than 

in the Chimpanzee, although it is coarser. 

(7) The incisors are smaller than in the Chimpanzee. 

(8) In pm'* of Puhvopithecus the ridges are probably more con- 

tinuous across the crown of the tooth than in the Chim- 
panzee. 

(9) The canine is larger in Palwopitliecus, 

(10) In Pala^opifhecus the line of the teeth is not convex out- 

wardly as in the Chimpanzee. 

(11) The two premolars lie inside the line of the other teeth, 

and the configuration of the maxilla above them is more 
like that in Man than the Chimpanzee. 

From Man Palceopifhecus differs in many respects of which some 
of the most important are the following : — 

(1) The narrow palate. 

(2) The greatly inferior breadtli index of m^ and rn® due to the 

degeneracy of these teeth in Man. 

(3) The greater reduction in length of the front portion of th^ 

molar-premolar series in Pal(Eopithecu$. 
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(4) In Man both the preinolars are 2-rooted teetli. 

(5) The preinolars, though broad, are more complicated in Palceo- 

pithecus than tliey are in Man. 

(6) The mucli greater size of the canine in Palwopithecus. 

(7) The more forward position of tlie incisors in Palceopithecus 

and consequently the much slighter concavity of the front 
portion of the palate. 

Palceopithecus is more nearly allied to DryopiOiecm than to either 
Man or the Chimpanzee. Its narrow palate and its small incisors 
resemble very closely these parts in Drijopithccus. Differences from 
Dryopiihecus may however be seen in the following particulars : — 

(1) The greater breadth index of the molars and premolarsj 

more particularly marked in the front molar and the two 
premolars. 

(2) Probably the cusps in Palavpiihecus are higher and the 

folding of the enamel less com})licatcd, though coarsej*. 
than in most species of DryopUhecus. 

(3) If the m^ (Ind. Mus. No. D. 186) is correctly referred to 

Dryop'itliecus then Palceopiihecus differs by the greater 
breadth of the posterior ])ortion of that tooth ai\d by the 
larger inetacone, This tooth is in fact more degenerate 
in Dryopitheem, 

Palceopiihecus differs from both the Orang and the Gorilla by the 
large breadth index of the front molar and the two preinolars, while 
tlie former of these genera can be dislmguislied by the number and 
intensity of its enamel folds, a!id the latter by its higii cusps sepa- 
rated by deep furrows. 

Differences from the Gibbon may be found in — 

(1) The greater breadth of the teeth. 

(2) The more complicated although broader preinolars. 

(3) The absence of wrinkling from tlie teeth of the Gibbon. 

(4) The cusps in Palceopiihecus are probably higher than in the 

Gibbon. 

(5) The palate in Palceopithex^us is much narrower. 

(6) M3 in the Gibbon is more degenerate than the corresponding 

tooth in PalcBopithecus. 

The differences of Pala^opifhecus from Sirapithecus will be de* 
tailed under the head of the latter genus. 


O 
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An undouljted resemblance may be traced between Palwopithecus 
and Pliojnthecus, This has been noticed by Dubois^ and is due to 
the shortness of the premolars and the front molar in both genera, in 
addition to the narrow palate and the small incisors. 

They differ by the absence of wrinkling in the enamel in Plio'pi- 
th£cuii, and by its strong cingulum, a very distinct trace of which can, 
however, be detected in PaUvopitheem. 

By the great breadth index of m^, (hiphopi(hecus recalls P(d(v.o~ 
pithecus. That genus, however, may be distinguished by the simpler 
structure and absence of wrinkling, without, however, any reduction 
in the number or size of the cusps. 


HOMINIDAE 

SIVAPITHECUS INDICUS. Pilgrim 

Plate 1, figs. 7-9. Plate II, figs. 1-3. 

1910. Sivapillfcvfi indicun^ Pjl^2;rini, Notiops of n(‘W Mammalian gonorji and sppcips 
frrmi llii* Tentiarios of India, Rec. (real. Surv. Ind., XL, p. 

This genus and species were established on a last right lower 
molar (Ind. Mus. D, 176), wrongly stated to have been found at 
Alipur, and really picked up by a villager in the Chinji zone of the 
Lower Siwaliks in the neighbourhood of (-hinji. As this tooth 
was rather misleadingly ajul in any case very insufficiently described, 
J am taking as the type of the genus and species a right mandibular 
ramus (Ind. Mus. D. 177) from the same locality, containing m^ and 
m^; pm^, and the broken crowns of in^ and pnij^ with a part of the 
aJveo/iis of the canine. 


Type mandible. 

There is no doubt that the isolated last lower molar belongs to the 
same species as this mandible, but in case of any question arising in the 
future as to the characters of the genus it is to the mandible (Ind. 
Mus. D. 177) that reference should be made. The matrix attached 
to the specimen is a reddish sandstone similar to much that 


' Piibois, 1. c., p. 97 . 
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occurs in the Chinji zone, where the specimen was obtained by Sub- 
Assistant Vinayak Kao. The base of tlie ramus is everywhere broken, 
and the actual symphysis is not shown any more than the in- 
cisors, The depth of the fragment below the crown of m.^ is 2(>*4: mm* 
and below that of pm^ 29-3. The thickness of the ramus is much greater 
than 19 mm. but is unknown on account of the absence of much of the 
postcro-external portion. At pm, it is about 15 mm. It is probable 
that the broken margin of the mental foramen is visible at the broken 
edge of the fragment immediately below the level of the posterior part 
of pm.^, but in any case this foramen is not situated higher than this 
point, so that the depth of the ramus in front is considerable, 
and was, probably, in excess of that of the hinder portion, judging 
bv the apparent narrowing of the sides of the ramus in the 
neighbouihood of the broken lower margin. If this is true, then 
the shape of the mandible in this particular resembled that of 
Dryofithecus and Man. Tlie actual loss of the lower margin does 
not, however, allow us to be certain as to the point. 

Although most of the important portion at the front of the mandi- 
ble is missing, still enough is left to show certain most remarkable 
features, which not only clearly differentiate it from any hitherto 
known genus but provide us with wliat seems to be an important 
link in the descent of Man from the lower Primates. First it may 
be not/iced that the jaw curves strongly outward from about the 
level of the first molar. The three molars are more or less in a 
straight line but pm^ stands markedly outside this lino and pm,^ still 
more strongly so. To a very slight degree this outward curvature 
of the premolar portion of the jaw is present in the Gorilla, but in 
no way comparable to that which occurs in tlie present mandible. 
Strange to say, this unusual curvature in the one direction is 
accompanied by a curvature in the other, whicli is equally unusual 
among the apes, though present in Man. At least, such a con- 
dition must be inferred from the position of the canine, internal 
to pnig instead of directly in advance of it. This internal displace- 
ment of the canine is comparable only with what occurs, though 
to a greater degree, in Man. In the apes the canine is in the same 
line as the molars and premolars ; the ramus only begins to 
bend round to the inside with the incisor portion so that the 
bending is far more abrupt than is the case in Mail. It seems 
probable that such a constitution of the front part of the ramus 
must have involved a more outward position of its hinder part, 

D 2 
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So that the angle included by the two mandibular rami would be 
larger and therefore the dist<a.nce between them greater than in any 
hitherto known genus of anthropoid ape,, the structure in fact 
approaching what we find in Man. , 

Possibly, though not necessarily, correlated with this structure 
is another feature of the mandible of the Chinji genus. This is 
the shortness of the mandibular symphysis. Although the sym- 
physis cannot be actually seen, yet the portion of the ramus left 
l)elow pm.^ is sufficiently great to make it certain that if the sym- 
physis had extended back as far as in the Orang, the Gorilla, the 
Chimpanzee or even the Gibbon it would have been evident in our 
specimen. The inward curvature of the base of the ramus does 
not begin until a level midway between pm^^ and pin. whereas 
in the living anthropoid apes it begins opposite to rn^, or even 
behind it, although the curvature is more * gradual in the case of 
the Gibbon than in the others. 

When such a condition coexists with a more inward position 
of the canine, which implies a backward shifting of the entire incisor 
portion of the jaw, it is evident that the conformation of the syjii- 
physis in the genus Sivapithecus must have more nearly resembled 
that of man than of any other of the genera of anthropoids. 



Fig. 1. Ideal restoration of the mandible of Sivapithecus indicus, in left side view ; 
about two-thirds natural size. 
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An ideal restoration of the mandible of Sivapithecus is shown in side 
and surface view in figs. I and 2. It should be clearly understood that 
this is not intended to represent any specimen, but is merely an attempt 
to embody the conclusions at which I have arrived after a study of the 
actual Chinji fragment, considered in the additional light of the two 
fragments obtained from Haritalyaiigar, which arc described on pages 
42 to 46. My conception of the jaw to which the type ramus may have 
belonged can bo conveyed more readily by a pictorial illustration of 
this kind than by a verbal description. I have, however, no wish to 
insist on the details of the restoration, which from the fact that the 
specimens on which it is based do not all l)elong to tlic same individual 
and probably not to the same species, could only })y a coincidence be 
absolutely correct. 



Fiff 2 Ideal restoration o£ the mandible of Sivapithecus indicus, view from above 
' about twodhirds natural size 
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The reronstruction of the angle and ascending ramus of the jaw 
is iinaginaiy. Their size and general structure are mainly based on those 
of Heidelberg and Chapel le-aux-Saints ; indeed one would expect a 
consideral)le (^xteiat of surface for the attachment of the powerful mas- 
ticatory muscles which such an animal must have possessed. 

Tn the case of Dryopithecus the symphysis is well known to 
have extended further back than even in the Orang. The symphysis 
of Pliopithecus is equally well known to have extended as far back 
as nq. Palaeopithecus from its palatal structure is most unlikely 
to have had a short symphysis. 

The symphysis in Eoanlhropus, as is clearly shown in Smith 
Woodward’s restoration of the Piltdown mandible^ must, certainly, 
have been longer than in the Chinji s])ecimen, as the actual symphy- 
sis appears to have extended back to the level of the middle of pm^ 
while the inward curvature of the ramus hegan still further back. 
The actual length of the symphysis in Eoanthropus would seem to 
have exceeded that of the Gibbon, although the inward bending 
of the ramus begins further back in the latter genus. This abrupt 
passage of the ramus into the symphysis ajid the accompanying 
absence of any sort of shelf internal to nq and pnq arc features shared 
alike by Eoanthropus and Sirapithecus and are, no doubt, to be 
correlated with the greater breadth in the anterior portion of the 
jaw. The latter character is evidently a later development as it 
is certainly not primitive. Schlosser considers that the symphysis 
in Propliopithecus probably only extended back as far as the canine.- 
We may, however, gather that the jaw of Propliopithecus was 
extremely narrow in froiit, as was the case with the better known 
Pliopithecus from the middle Miocene, and therefore presented an 
entirely different appearance from that of the mandible of Sivapi- 
thecas. 

We may now pass to the structure of the individual teeth. 

Last lower molar.— The dimensions of the isolated tooth (Ind. 
Mue. D. 176), figured in PI. J, fig. 7, are : length 14*3 mm., breadth 
13*4, height 7*3, breadth index 93*7. The dimensions of the mg in 
the type mandible as calculated from the alveolus are length 14*5, 

1 Smith Woodward. DeHcription of a Paljcolitbic human skiill and mandib o, from 
Piltdown, Suwjox. Quart. Jour. Gcol. Soc. Land., vol. LXIX (1903), pp. 133 — 13a 

* SchloBser, Bcitrago zur KenntniHs d«r oligociinon Landsaugothiero aus dem Fayum 
Agypten Beitr. z. Pal, u, OeoL Ost-Ung., Vol. XXIV (1911), p. 62. 
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breadth 13‘4, breadth index 92'4. These are near enouj^h to amount 
to evidence in favour of the isolated tooth belonf^iii}; to the same 
species as the mandible, especially when both exhibit a breadth which 
is found in the m^ of no other anthropoid except Man and the 
Gibbon. The roots in this tooth are not only long and large, but 
they show no tendency to diverge ; on the contrary their great 
development seems to have led to a certain tendency towards fusion. 
The surface, though not much worn by attrition, has been corroded in 
the course of fosailization, .so as to obscure tlie finer .sculpture of its 
surface. The tooth possesses the usual fiv(^ cusps, of which tlu? 
liypoconid is the largest ; next to this in size coiuc,s the metaconid ; 
the protoconid and entoconid are about ecpial, and the smallest of the 
five is the mesoeonid. 1’he l)road»'.st part of the tootli is opposite the 
hypoconid, thence it narrows slightly in front and rapidly bcln'nd. The 
mesoeonid is very considerably displaced to the inside of the line 
joining the protoconid and hypoconid, thus prc.sonting an appearance 
entirely different to that of the Gorilla, Orang, Drifoyilhrcus, Pliopitlic- 
ciis and NeopUhecus. In Man and the Gibbon the mesoeonid is fre- 
quently wantinji. and in the Chimpanzee is minute, but where, as in 
some of the lower races of mankind, a ,^)th cusp is present, then the 
general aspect of the tooth most rcscinbles that of Man, except for 
the larger actual dimensions, the main cusps and the furrows being 
more pronounced than they are either in the (fibbon or the Chim- 
])anzee. Though the details of the tooth are obscure, it is evident 
that (here was a valley in the front of the tooth, just behind and 
parallel to the anterior edge, and a small cavity behind, between 
the mesoeonid and the entoconid. 

Smmd lower mohr . — This tooth is almo.st a replica of m.^, except 
for its inferior length and its greater pro})ortionatc breadth. ■ Its 
dimensions are : length Hid) mm., breadth 12di, height 7*2, breadth 
index 94-(). The breadth of the tooth is no greater at the hypoconid 
than at the front of the tooth and the hypoconid is rather weaker 
than in m,,. On the internal half of the tooth the ornamentation is 
fairly distinct, while on the external half the surface has been 
corroded just as in n^. 

Two parallel ridges unite the protoconid and the metaconid, as 
is the case in Dryopithecus, but the cavity between them is by no 
means so pronounced as it is in that genus. An additional fold 
is seen on the protoconid, behind these, running to the centrum, 
while on the metaconid are some five short coarse folds : the 



40 


Records of the Geological Survey of India, [VoL. XLV. 

entoconid has also a few short folds. There are no secondary cusps 
and no cinguhin}. 

First lower molar . — This tooth has suhered more from attrition 
than the ones behind it, so tliat even though the entoconid and 
the hinder portion of the mctaconid have escaped corrosion, the 
furrows which once existed on them have been worn away. Its 
dimensions arc : length 11-5 mm., breadth 10-6, height 6-2, breadth 
index 92-1. This tooth is thus both shorter and narrower than 
rug or m^. 

Last lower premolar . — The dimensions of this tooth are : length 8*5 
mm., breadth 9-9,^ height ()*5. Jt has two divergent roots in which 
respect it differs from the corresponding tooth of Man, which has 
only a single root, and that of the Chimpanzee, where the two 
roots are more or less fused. The outline of the tooth forms 
roughly a parallelogram with a convex outer side. It consists of 
an inner and an outer cusp, each with a ridge running backward 
and forward. The cusps are united by three transverse ridges, of 
which the foremost and the hinderniost form I'ospectively the front 
and back edges of the tooth. The middle ridge is cleft by a 
furrow. There is nearly twice the distance between the front ridge 
and the second one as between the second and the third. The 
hinder ridge also stands at a lower level than the others, the 
antero-posterior ridges sloping down from the summit of the cusps 
to meet it. 

Alternating with the ridges are two cavities of which the fore- 
most is smaller and shallower than the hinder one. The latter 
is not only deeper but stands at a lower level than the rest of the 
crown. A small fold runs into the front cavity from each of the 

cusps. The hinder ridge and the cavity in front of it may be 

known as a talon. 

This tooth differs markedly by its greater breadth in proportion to 
its length from the Gorilla, Orang, Gibbon, Dryopithecus and 
Pliopithecus. Man does not differ from it so much as the other genera 
mentioned, but the difference is still marked. The Chimpanzee 
varies, but its pm^ has often an extremely high breadth index. 

The nearest resemblance in structure to pm^ of Sivapithecus is, 
however, to be found in the corresponding tooth of the Gorilla. 

^ The Lreadth of pn ?4 has been measured at right angles to the axis of the jaw, which 
at this poii t lends cutM ard, away from tho molar portion. If it were measured at right 
angles to the axis of the molars the breadth would be 10*4 mm. 
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The higher breadth index distiugumliOH Sivapilkecu^t, although the 
recent genus seems subject to some variation in this character. 
The two inner angles of the tooth in Sirapithcctus arc less rounded 
than in the Gorilla, and in the recent genus the talon is more 
pronounced, therein approaching the Orang, (himpanzee. Gibbon, 
Drippithecm and Pliopithrcm. The length of the talon and the 
(■orresj)onding length of the tooth is evidently a primitive con- 
dition, which is si‘en even more plainly in the ratarrhine monkeys, 
in which the talon consists of two distinct cusps, tiivafnl/iecus, 
therefore, shows a distinct approximation to Man. 

Front lower preniokir. - As this tooth is known only bv its 
alveolus, it is impossible to form very exact conclusions as to its 
structure, ft was of considerable size and two-rooted, the hindermost 
root being as broad as the posterior root of pm^ and equally com- 
pressed antero-posteriorly. The foremost root is on the contrary 
compressed transversely and is situated to the outside of the hinder 
root to the extent of half the long diameter of the latter. The 
antero-postcrior diameter of the tooth as estimated by its roots was 
approximately mm. This tooth thus seems to agree in shape 
with that of Drijopilhecus and the Gorilla. The pm;j in the Grang 
is rather shorter, and the anterior loot is situated further to the 
outside of the posterior root. 

In the Chimpanzee this tooth is smalJei' in proportion to the 
rest of the dentition, and the two roots have a tendency to fuse ; 
the anterior root, how^ever, lies less to the outside and its breadth 
index in this genus is, therefore, lower than in the others. In the 
Gibbon the anterior root is only slightly displaced to the outside 
of the posterior one and pm, is therefore longer and naiTowet 
than in any of the others. In Man, however, the breadth index 
of pm 3 far exceeds that of any of these other genera and in him 
alone, moreover, it is one rooted and approximately rectangular. 

The lower canine. — This was evidently a large tooth, the diameter 
of its alveolus being about 10 mm. There is no diastema between 
it and pmg and it lies wholly on the inside of that tooth as men- 
tioned before. 

Since the preceding portion of this paper was written, in fact, 
Additional specimens when the whole of it had been already sent to 
from Haritalyangar. press, two additional fragments of a Primate 

mandible were discovered amongst the material which Sub-Assistant 
Vinayak Eao collected at Haritalyangar in beds which probably 
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belong to the Nagri zone and are, therefore, slightly newer than 
those of Chinji, whence the type mandible of Sivapithecus indicus 
was derived. 

There seems little doubt that these belong to the same genus 
and possibly the same species as the Chinji types, but in that case 
their owner must have been a slightly larger individual than the latter. 
It is worth noting as evidence of the absence of bias that before 
the existence of them was known to me I had [)r()visionally referred 
a lower lUj obtained at H'aritalyangar to the same species. 

Although the recent discovery has hardly necessitated the altering 
of a single word, yet its importance can not be overestimated, 
as confirming the conclusions drawn from my examination of the ty])e 
mandible, and disposing of any objections, which might conceivably 
have been raised to them on the score of tlje specimen being patho- 
logical or deformed by pressure. 


Symphysis. 

The first of these jidditional specimens (Ind. Mus. J). 189) is 

a portion of the left ramus of the mandible, containing the canine, 
the roots of two incisors and of the front premolar, and showing the 
front and back surfaces of the symphysis, being broken at the base 
36-5 mm. below the base of the crown of the canine. The correct 
orientation of the fragment in the horizontal plane is settled by 
the position of the root of the front incisor, and in the vertical plane 
by the base of the crown of the canine, apart from the analogy from 
all other Primates in regard to the direction of the cusp of the canine 
relative to the horizontal axis of the iaw. In considering the Chinji 
ramus and the JIaritalyangar symphysis as parts of the same mandible, 
there is a limit to the amount of forward tilt, which can be allow'ed 
to the canine in the latter, determined by the position of the canine 
and the curve of the inner aide of the ramus in the former of these 
two fragments. In constructing the ideal restoration, figured on 
pages 36 and 37, this limiting value has been chosen. We gather, there- 
fore, that not only was the backward, slope of the hinder symphysial 
surface very slight, with an entire absence of any shelf and passing 
abruptly back laterally into the body of the jaw, but also that the 
front surface of the symphysis was almost vertical for a considerable 
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distance. At the very margin of the fragment, there is the slightest 
indication of a backward curvature. This front surface from the canine 
to the front incisor is slightly concave both laterally and vertically. The 
angle between this latter poj tion and the side of the ramus adjoining pm 
forms an obtuse angle, considerably removed from the right angle which 
we find in the anthropoid apes. The a])proach to a human conforma- 
tion of this part of the jaw may bo realistHl when it is stated that the 
anterior root of pm.^, the front half of the canine, and the second 
incisor are in a straight line, forming an angle of only 20” with the 
line joining corresponding prnnts on the two rami, as against the cur- 
vature of this line in t\\c anthropoid a|)es, with an approximate average 
value of ()0” for the same angle. There is a prominent foramen 
in front, near the median line, about ]() inin. below the approximate 
position of the r)eck of the first incisor. SikjIi a foramen is occasion- 
ally found in the Orang about halfway hetivveeii the tooth alveoli and 
the base of the jaw. 

Oji the hinder face of the symj)hysis about 19'5 nnn. below the 
base of the crowns of the front teeth the surface cui ves batjkward 
slightly towards the median line of the syrti])hysis. In following the 
surface vertically from above downwards, near tlie median line it 
takes a slight bend backwards at the same point, but below this 
it evidently Innids forward again, as can be seen from the surface 
of the jaw preserved nearer the basal margin but a little to the left 
of the median line. This woxild seem to indicate the presence in 
some degree of a spina namfalis in this position, similar to that of 
modern Man, but in any ease a conlbnnation of the hinder face of the 
symphysis altogether difl'ereni not only frojii the apes but also from 
that of the famous Heidelberg mandible. This is shown in lig. 1 d of 
PI, II. 

From the above it is evident that the rami must have diverged 
very considerably, in as great a degree in lact as in Man. Tlic last two 
molars, as shown by the type mandible, do not lie Avithin the line 
of the other teeth as they do in man. ('Onscqueiitly the distance 
between the condyles must have been considerably greater than 
in any human jaw. 

The depth of the symphysis and of the jaw, at all events in its 
front portion, is, thus, very great in proportion both to the size of the 
molars and to the united length of the tooth series in the type ramus. 
This is entirely in accord with the inference drawn from the low 
position of the mental foramen in the type ramus, with reference to 



44 


Reconh of the Geological Survey of India, [VoL. XLV. 

the base of the crowns. This is one of the characters of the mandible 
of Krapina man, in which this dimension is much in excess of what 
obtains in other palsoolithic types. It is noticeable that Krapina 
man also agrees with Simpithecus in regard to the distance bct;veen the 
condyles, in which, however, it falls coTisiderably short of the fossil 
Indian genus. 

The stoutness of the jaw, as nu^asured by the ratio of the height 
at the mental foramen to the thic'.kness at the same point, is rather 
less than the mandibles of Chajiclle-aux-Saints and Heidelberg. The 
former of these two measurements in the Haritalvangar species can 
hardly be more than 39 mm. and the latter is about 19 mm., which 
gives the ratio as 48' 7 compared with r)2'9 for the Heidelberg jaw, 50 
for that of Krapina and 42 for that of a modern negro.* 

Louver canine . — The lower canine is a conical tooth, having the fol- 
lowing dimensions ; ^height of crown 19*0 mm., length 13*9 mm., breadth 
10-2 mm. It more nearly resembles the low^er canine of the Gibbon 
than that of any other anthropoid known to me ; there is a very 
distinct indication of a posterior cusp or heel, although the hinder 
edge of the tooth is so deeply worn by contact with the upper canine 
that it is impossible to say exactly how prominent this cusp was. The 
external side of the root, however, exhibits clearly a hollow which is 
continued up the crown, pointing to the former existence iu some 
ancestral type of a strongly developed hinder cusp on a separate root. 

Such a heel is present in the Gorilla, the Orang and the Chimpan- 
zee, but very much feebler than ciMicr in the j)resent species or in the 
Gibbon. In Man it is apparently absent, though even in this case 
the basal bulge on the internal side of the crown may be a remnant 
of an original cusp which has been displacetl duo to lal-oial shifting 
of the tooth. A sort of triangular facet is present at the base of the 
crown internally, the apex of which seems to be prolonged into a 
narrow ridge running up the crown, although the fracture of the 
internal upper quarter of the crown does not allow this feature 
to be followed to the summit. Posteriorly, the upper margin of 
this facet is continued as a faint cingulum backward and downward 
to the hinder heel. 

Incisors, — These, as shown by their roots, are elongate in a direc- 
tion parallel to the axis of the jaw and very narrow laterally. The 
distance from the internal margin of the canine to the median line 

^ These moasuromants are taken from Boule, L’ Homme fossile de la Chapelle-auic- 
Saints^ Amahs ds Paliontologie, vol. Vll (1912), p. 82* 
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measured through the incisors is 13-7 mm. Tlie. dimensions of the 
first incisor arc : length 6-6 mm., breadth 3'8 and of the second 
incisor : length 9'3 mm., breadth 4‘7. 


Front lower premolar. 

The socoiul of tlie Lwo specimens from Ifaritalyangar (Ind. Mus 
D. 100) is a left lower pm„ the correct orientation of which i.s clearlv 
proved by the exi.stence of a facet on the inner hinder edge, caused 
by the contact of pm,, and by the preservation of the outer portion 
of the alveolus of the same tooth, while on Ihe antero-internal niarsrin 
Tiiii be ii part of tlie alveolus of the canine. The roots, when 

so placed, correspond identically with those of pni.j in the type 
iriajidiblo described on paj^c' 41, and also, as far as can be judged, 
with those of the same tooth in tlie ITaritalyangar symphysial 
fragment. 

Thus placed the tooth may be deseribed as being very broad 
in proportion to*' its length, with a very e<nive>c outer surface passing 
back gradually, without any abrupt change in the contour, into the 
straight hinder wall. The inner wall of the tooth forms a very 
acute angle witli the liindei- wall and proceeds obliquely towards 
the outside, where it forms an iMpialh^ abrupt angle with the 
outer wall of the tooth, only in this case the angle is a right 
angle. Thus tlie aehial front wall of the tooth is reduced to the 
widtli of a narrow ridge. Tlie main cusp is situated in the centre of 
the tooth, and is connected by a sloping ridge to a faint secondary 
cusp directive inti’rnal to it, wlnle a second ridge runs from the summit 
directly forward to the front point of the tooth. On its hinder side 
the former of these ridges falls abruptly into a liollow bounded by 
the raised posterior edge of the tooth and on its anterior side 
equally abruptly into another much smaller liollow just internal to 
the ridge which runs forward from the summit. A slight cingulum 
may be present externally, but in any case it is obliterated in the 
present instance by a strong area of wear at the antero-external 
corner of the tooth. The structure of this tooth is thus comparable 
with pm^ in the Gorilla and the Orang. It differs from them-- 

(1) by its much greater transverse diameter and corresponding 

diminution in length, 

(2) by the bicuspid character of the transverse ridge. 
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In respect of the second of these it agrees with the Gibbon and 
with Man. In the former genus pm^ is much more elongated antero- 
posteriorly and is very narrow, while in the latter the breadth index 
is even greater ; further, the tooth is one-rooted, muoh smaller and 
more rectangular in shape, the crown is less elevated and the 
internal cusp much more clearly defined, approximating in size to 
the main one and separated from it by an almost continuous 
antero-posterior valley. 

From these two s})ccimens it is possible to 
upper dentition. deduce some information with regard to the 

structure of the upper jaw. 

It is clear that the wear on the hinder portion of the lower canine 
and on the antero-external corner of pm^ are both due to the attri- 
tion of the upper canine, which would, tlnucfore, show signs of wear 
slightly to the inside and to the outside of its front margin, but poste- 
riorly and on the greater portion of its internal side the wear would 
be nil. 

This point is of interest as affording an important distinction 
from the apes, and wdll be referred to later in discussing the pos- 
sibility of the maxilla of Palaeo^nthecus belonging to the same 
genus as Sivapithecus. 

The upper canine must have bitten slightly inside the low^er 
canine in order to produce this w^ar, at the same time it must 
have been situated internally to pm^^, otherwise the upper and 
lower teeth series would not be in the same line. Moreover, there 
must have been a considerable amount of lateral movement in the 
lower jaw, to account for such intense wear \n two teeth situated in 
the position which the lower (;anine and front premolar of Siva- 
•pithems occupy. 

Unlike Man, the canines interlocked, which was also the case in 
Eoanthropus. In the latter genus, however, the fact that the upper 
canine w'orked wholly on the internal side of the lower canine seems 
to imply the absence of a diastema in the upper jaw between the 
canine and the incisors, an inference, wdiich Smith Woodwwd 
has in fact drawn in his reconstruction of the upper jawJ On the 
other hand, it seems equally certain that Sivapitfiecus must have 
had a diastema in the upper jaw. 

^ See, however, the remnj*k on page below, reganling the possibility that the 
canine of Eoanthropus belongs to the upper dentition. This, if true, may nfx'esftitnto aomo 
rovifilon of Dr, Smith Woodward’s view aa to the abeenco of a diastema in the upper jaw. 
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Lower molar. 

A lower molar (Tnd. Mus. No. D. 178), which may be. referred 
to the presejit species, was also found in the same ^ds at Hari- 
talyangar. 

Its dimensions are as follows: length 11-9 mm., breadth 10-9, 
height r)'9, breadth index 91-(!. It is in a very advanced stage of 
wear but shows the simplicity of structure, the inward displacement 
of the mesoconid and the absence of a cingulum, which are charac- 
teristic of Sira^nlhcfus. Its breadth index is nearer to that of the 
latter genus than to any other, and its dimensions agree fairly well 
with those of the m^ in the just describeil mandible, though it must 
have belonged to a slightly larger individual. 


Upper molars. 

A final fragment from Haritalyangar contains the much worn 
m* and m''^. These, though obviously Primate, are, j)robably, generi- 
cally indeterminable. Their dimensions in millimetres are as 
follows : — 


Ml l.( iigt]i io r> 

BrciwUli i:vs(v) 

ISii'iuhli ......... 128-5 (?) 

AP Lctij-lh 12-5 

Hrcadtli .......... 14-0 

in-c.'ulth iii(l('\ 112-0 


The absolute size and breadth index oi these teeth agree well 
with those of the corresponding teeth in the type mandible of 
Sicapilhecus indicus. I'lic crown pattern of both teeth is, however, 
so entirely obliterated by wear and by dental decay that it is 
im[) 08 sible to distinguish any similarity of structure to the lower 
molars of Hirajnthecus. 1 .should, indeed, be unwilling to deny 
that they might belong to a s])ecies of Pnlaeofnlhecus, slightly bigger 
than Palaeofithecm siralensis, although the breadth index of in' 
is much greater than that of the corresponding tooth of Pahieoj)Mprm 
sivalensis, which militates against generic identity. 


Upper canine. 

The* most recent specimen to be di.scovered, which may be pro- 
yisionally referred to the genus Sivn'piiheeus, is an upper canine, 
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which I found amongst a collection of fossils from the Lower Siwa- 
liks of Chinji. Though apparently Primate, it differs considerablx' 
from that of any other genus so far known by the presence of a vei}- 
distinct cingulum at the postero-internal corner of tile tooth. Asso- 
ciated with this is a kind of longitudinal striation, producing a faint 
crenulated edge to the cingulum, and thence running up a short 
way in the direction of the summit of the tooth. The cingulum 
ends in the prominent posterior ridge, which runs up to the summit. 
There is also an anterior ridge, not so strongly marked. On the 
inner side of the latter is the usual deep groove seen in Primate 
upper canines, caused ])y the abrasion of the lower canine. The two 
ridges divide the tooth in a vertical plane into two uuc<|ual portions, 
of whicli the outer is the smaller atid has a surface only very slightly 
convex, while the inner 0!ie i.s the larger and^is very strongly convex. 
The dimen.sions of this tooth are as follows : — lengtli 1()'2 mm., 
breadth lOO, height I 9 ‘t. The chwest fiarallel to the structure 
of this tooth is to be seen in the npinw canine of the Cehidtr. It also 
is possible that something of the .same kind is present in the upper 
canine of Plwpilhems. The cinguhim is possibly the remnant of a 
primitive cusp on its way towards atrophy. 

Considering this mandible as represented by the fragments 
Comparison with other from Chinji and Haritalyangar, which have 
genera. been described, there can be no doubt as to 

its claim to generic distinction. It remains to summarize its affinities 
with and differences from other Primate genera. 

First attention .should be called to the great excess of length 
of m.^ over lUa, the dilferonce being, in fact, greater than in any other 
genus cxce])t Pliopilhecus. Dryo}nthecus pmijuhiciis does not fall 
so far behind it in this respect. It is very probable that this is a 
primitive character. 

Although the living anthropoid apes agree with man in the 
equality or excess of length of mj as compared with rn^ yet they 
differ from him in the relations of length which obtain between m^ 
and mj. In Man nii is longer than 1112 whereas in the other genera 
the reverse is the case. Sivapitfiecus also differs from man in this 
respect. Considering the breadth index of the various molars, 
whereas vre find that in Dryopithecus this increases regularly from 
nOg to m^, in Man and the living anthropoid apes the breadth index 
of m2 is greater than that of any of the other molars. Sivapitheem 
agrees with the living genera in this. 
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Other differences between Sivapithecus and Dryopithecus are 
as follows : — 

]. The greater breadth of the molars. 

2. The simpler structure of the tooth crowns, the absence of 

secondary cusps, smaller degree of folding and the greater 
elevation of the main cusps. 

3. The greater displacement of the mcsoconid to the inside. 

4. The short symphysis. 

5. The bending outward of the front of the mandible and the 

cohsequently greater distance between the rami. 

6. The inward position of the canine and the shifting back- 

ward of the whole of the incisor portion of the jaw. 

7. The greater simplicity and larger breadth index of the last 

premolar, })m^. 

8. The greater breadth of pm,^ in proportion to its length than is 

the case in Dryopifhccus, its ])icuspid character, distinct 
though slight in Sivapiihecm^ and the transverse position 
of tlie ridge uniting the two cusps, as contrasted with the 
obliqi'fe direction of the corresponding ridge in Dryo- 
pithecus. 

9. The more vertical front face of the symphysis and its more 

abru])t j)assage into the lowei margin of the mandible. 

The j)i lints in which Simpilhecus differs from the Gorilla and the 
Orang are the following : — 

1. The greater bjoadth of the molars. 

2. The greater inward displacement of the mcsoconid. 

3. Th(i short symi)liysis. 

4. The inward j^osition of the canine. 

5. The outward bending of the premolar portion of the jaw. 

0. The shorter pjcnudars. 

7. The more vertical front face of the sym{)hysis and its more 
abrupt passage into the lower margin of the mandible. 

From the Orang it differs in addition by the absence of the charao 
teristic rugosity. 

From the Gorilla it differs by — 

(1) the much lower cusps. 

(2) the bicuspid character of pmjj and the transverse direction 

taken by the connecting ridge. 
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From the Chimpanzee it differs by all the above except 1, and in 
addition by the higher cusps and the coarser nature of the folding 
of the enamel. 

In certain respects Sivafiihecus is nearer the (Jibbon than it is 
to any of the other living apes. The chief of these are the short 
symphysis, which is however shorter than in the Gibbon, the hinder 
cusp in the lower canine, the bicuspid character of pm^, the inward 
position of the mesoconid in the molars. The significance of these 
special characters common to Sivapifhecus and the Gibbon, is dis- 
cussed on page 61. 

The differences between the Gibbon and Sirapithecus are striking 
and may be summarized as follows : — 

1. The greater breadth of the front molars in Sirapithecus. 

On account of the degeneration of ni^ in the Gibbon, 
which has not occurred in Simpitheens, that tooth often 
has a sliorter breadth index than is the case in the fossil 
genus. 

2. The much greater length of the prcmolars in the Gibbon, 

and the greater height and distinctness of the internal 
cusp in pnij^. 

3. The extreme smoothness of the enamel in the teeth of the 

Gibbon, and the entire absence of the wrinkling which 
is to be seen in those of Sirapitheevs. 

4. The outward bending of tlie premolar })ortion of the jaw in 

Sivapitliecus, This may be correlated with the increased 
breadth of the jaw. 

5. The symphysis is still further shoiteried in Sivapitliecus, 

and there is an entire absence of the shelf, which in the 
Gibbon lies internal to all the teeth in front of nig. 

6. Thus the rami, instead of coming almost to a point as they do 

in the Gibbon, pass into a broad rounded margin. 

7. The greater depth of the ramus and of the symphysis in 

Sivapithecus. 

&. The more vertical position of the front face of the symphysis 
in Sivapithecus. 

In all the respects in which Sivapithecus differs from the living 
anthropoids, Dryopithecus and Pliopithecus, it either resembles Man 
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or makes a decided approach to the conditions which exist in the 
latter. 

In regard to the outward curvature of the premolar portion of 
the mandible, nothing of the kind is seen in Man, but it certainly 
seems to me, as has been stated above, that the existence of such 
a curvature must necessarily be correlated with a greater distance 
between the rami tliaii exists in any other anthropoid genus than 
Mfein. This opinion is confirmed by the examination of the symphysial 
fragment from Haritalyangar. Agreement with man is shown by 
the degree of elevation of the cusps, by the nature of the folding, 
and in the comparative simplicity of structure. 

The last two molars in Man, however, generally show a reduction 
in the number of cusps. Further, the large canine with its poste- 
rior heel, the longer pin^^, in which the bicuspid character of the 
transverse ridge is very much less pronounced, and the greater 
complication of the pro molars generally are not human characters. 

The different shape of the mandible in EoantJiro'pus from that 
of Sivapithecus , has been mentioned above (page 38). We need 
not necessarily assume that the restoration of the premolars and 
of the upper portion of the jaw in advance of the molars is pre- 
cisely as Smith AVoodward has imagined it ; it seems quite possible 
that the preniolars may have a])proximated more nearly in shape 
and size to those of Sirapitheens, In this connection it may be 
remarked that A. F. Anderson* considers that the canine tooth, 
last discovered at Piltdown, belongs to the upper and not to the 
lower dentition, as determined by Smith Woodward. If it be an 
upper canine, then the peculiar condition of wear indicated that the 
front lower premolar, which caused it, must have been elongate and 
jjrominejit, in fact much more like the pni^ of the living apes and 
of Sivapitheciis, At the same time it seems certain that there was 
no outward curvature of the ramus in the premolar region, and pro- 
bable that the canine lay more in advance of pm^ than is the 
case in Simpitliecus, The two genera agree in the simple structure 
of the molars. Their points of difference may be summarized as 
follows : — 

1. The longer sympliysis of Eoanthropus. 

2. The absence of the outward curvature of the premolar 

region in Eoartthropus, 

1 American Musetm JmtrnaU New Yoiir, Seplemler 1914. 

E 2 
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3. In Eoanthropus the canine is smaller and does not possess 
the posterior heel which is found in the canine of Siva- 
pithecus.^ 

4. In Eoanthropus the lower canine is probably situateef in 
advance of pm,^ instead of being internal to it as in 
Sivapithecus. 

5. The inferior depth of the ramus anteriorly in Eoanthropus. 

6. The much narrower teeth in Eoanthropus. 

7. The smaller prcinolars of Eoanthropus, possibly more marked 
in the case oE pin.^.^ 

8. The reduction in length of in.^ as compared with irig in Eoan- 
thropus. This has not taken })lac '0 in Sivapithecus. 

9. The internal wear of the lower canine^ in Eoanthropus, as 

opposed to the posterior zone of wear in JSivapithccas, 
indicates the absence of a diastema in the former 
genus between the upper canine ai\d the incisors, in 

the presence of which Sivapithecus ])robably agreed with 

the apes. 

10. Probably in Eoanthropus the front face of the symphysis 
retreats more than in Sivapithecus. 

In considering the propriety of referring this mandible to the 
genus Valaeopithenis, we labour under the disadvantage of knowing 
only the maxilla and upper teeth of the latter gmuis. Since, however, 
I am disposed to believe that the height of the cusps and the amount 
and character of the wrinkling did not materially differ in these 
two genera, and since in Palaeopithecus we find an exceptionally 

high breadth index for the upper molars just as we do in Sivapithecus 

for the lower ones, it will be as well to mention in detail certain 
features in the mandible of Sivapithecus, which seem incompatible 
with such a maxilla as Palaeopithecus possessed. 

1. The outward curvature of the preinolar portion of the mandible 
in Sivapithecus could not have been associated with such a maxilla 
as that of Palaeopithecus, as in that case the upper canine would 
have been opposed to or internal to pm^^, instead of biting outside 
it. 

2. This outward displacement of the premolars in Sivapi- 
ihecuSy united with the inward position of the canine, must inevit- 

^ See, however, the above Bugfl^estion that this tooth is the upper caiiio© of Eoan- 
thropM, 
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ably have accompanied a backward diverr^eiico of the mandibular 
rami, resulting in a breadth of jaw, which is quite incompatible 
with the narrow palate of Pakcopithecus. 

3. The inward position of the canine argues a backward shifting 
of the incisors, so that even supposing the right and left upper 
tooth series to be parallel as they are in Palaopithccus^ the angle 
between the upper molar series and the incisor series would more 
nearly approach a right angle than is the case in Palaopithecus. 

4. The reduction, which has taken place in tlie front portion of 
the cheek teeth series in the maxilla of PalwopifhecMS, is unlikely 
to have occurred in the maxilla of SivMpithecus^ judging by the 
extraordinary dimensions of pm., in the mandible of the latter genus. 

5. The considerable shortening of the symphysis in tiirapitliecus 
from its assumed primitive condition, and the widening of the jaw 
in the direction followed so markcrlly in the Hommidee, probably 
must be correlated with a palate more concave anteriorly than is 
the case in that of T%lceopilhecns. 

C). On page 40, from the observation of the zones of wear on 
the lower canine and the front preniolar from Haritalyangar, con- 
sidered in connection with the position of tlie canine with reference 
to and the incisors, I have predicated certain features which 

might be exj)ected in the maxilla and especially in the upper 
canine ; Palceopithccm does not fulfil these, since its upj3er canine 
shows a distinct zone of wear posteriorly, such as would be pro- 
duced by a pm 3 situated immediately behind the lower canine, 
a position quite at variance witJi that of the corresponding teeth 
in the mandible of Strap iihecus. 

From Pliopithecm the j)rescnt genus is distinguished by its 
broad molars, by the wrinkling of the enamel, by the absence of 
the cingulum, by the greater length of the premolars, by the larger 
canine, and by the short symphysis. It is probable that Sivapithecus 
agreed with it in the backward divergence of tlie mandibular rami. 

Sivapithecus differs from Propliopiihecus in respect of most of the 
features which distinguish it from Pliopithecm, with the exception 
of the short symphysis. The molars of PropUopithecus are, however, 
much broader than those of Pliopithecus, and in the case of mi the 
breadth index exceeds that of the corresponding tooth of Sivapithecus 


^ Such a supposition, unlikely enough before, is now definitely ne«:atiV(Hl by the dis. 
covery of the symphysial fragment from Haritalyangar (Ind. Mua. D 189). 
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The breadth index of the premolars is less, while pmg is a much 
smaller tooth proportionately to the size of tlie jaw than in Siva- 
pithecus, the canine is much smaller, in, shows a reduction injiength, 
and the front of the jaw was probably much narrower. 

As Pithecanthropus is not known by any portion of the mandible 
or by lower teeth, no comparison is possible with the Miocene genus. 
The great degeneracy of the last upper molar and the considerable 
amount of wrinkling of the enamel, militate against generic identity. 


EVOLUTION OP THE ANTHROPOIDEA. 

It may not be out of place to discuss the bearing of these new 
discoveries on the question of the evolution of tJie Anthropoidea 
and the relation of Man to the Simian stock. 

The remarkable characters possessed by the mandible of Siva- 
pithecus, which, as we have seen, ally it in many respects rather to Man 
than to any of the Simiiden, lead us at once to enquire whether 
the evidence is strong enough to place Sivapithecus on the direct 
line to the Ilominidw. 

From the material previously at our disposal it might, I think, 
be justly concluded that the long and deep symphysis, which is pre- 
sent in all recent apes except the Gibbon and also in Dryopithecus 
and Pliopithecus, is a later development from a primitive short and 
shallow symphysis, such as we find in the Icmuroids and many other 
mammalia and also in the immature mandibles of forms which 
in the adult stage have long symphyses, implying a descent from 
ancestors with a short symphysis. The primitively short sym])hysis 
is seen in the earliest known member of the Anthropoidea, Proplio- 
pithecus from the lower Oligocene of the Egyptian Fayum. The 
extreme shortening of the symphysis seen in Man is as obviously a 
special development. We may thus conclude with certainty that 
Sivapithecus should take its position somewhere on the main line, 
from which diverged the cluster of genera which developed a long 
and deep symphysis, of which Dryopithecus is the earliest and perhaps 
the most typical so far as concerns this particular feature. We 
have, however, to decide whether the place of Sivapithecus on this 
main line should be before or after this divergence. From the 
combined evidence of the two mandibular fragments, from Chinji and 
from Haritalyangar, we may safely conclude that Sivapithecus has 
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left the primitive condition and has begun that excessive shortening 
of the symphysis which is characteristic of Man. Tliis opinion 
seems to find support in the co-existence of other characters in 
SivapUltecus, which are not found in the Dryopithecus to Gorilla line, 
but which 1 shall try and show approximate to certain human 
features. 

The outward curvature of the preinolar re^^ion of tlie mandible 
is certainly peculiar to Sivapithecus, but, in my o])inion, it involves 
the co-existence of a breadth of jaw and a decree of separation of 
the mandibular rami which is essentially peculiar to Man. \ would 
suggest that the outward curvature of the preinolar portion of the 
mandible with its accompanying backward shifting of the incisor 
region was the lirst attempt to widen the jaw, that the gradual 
moving outward of the premolar region was succeeded by a coiTespond- 
ing outward movement of the molar region. We, no doubt, have 
in the present vspecies of Sivapithecus a degree of premolar displace- 
ment which no ancestor of Man could have possessed, since a dis- 
placement of tlic niolars sufficient to bring them into line with the 
jiremolars would result in a breadth of jaw far greater than is found 
in Man. But it may well be that Man has descended from a marginal 
species of Sivapithecus, in which this preinolar displacement was 
less intense. Once begun, as seems to be the case in many other 
instances, such an adaiitation sometimes tends to become exaggerated, 
but there is no reason to suppose that it became equally exaggerated 
in every other species of Sivapithecus. 

With equal or greater justice it might be contended that the 
short bicuspid pnig of Man could not have been evolved out of the 
piUg of Sivapithecus, where the internal cusp is no more than a slight 
prominence on a transverse ridge sloping downward internally 
from the summit. If, however, we are willing to admit that the 
bicuspid character of piUg is a later development from a primitively 
unicuspid tooth, there should be nothing discordant in the fact that 
a sarmatian ancestor of Man does not show the bicuspid structure 
as plainly as his more modern descendants. Indeed, if both 
the cusps in the pnig of Sivapithecus were rather lower and the 
inner one were a little farther removed from the main one, it would 
be little different in essential features from that of Man. A species 
possessing silch a pms might easily bo included in the genus 
pithecus, and then an inward movement of the external face of the 
tooth and especially of the antero-external angle, accompanied by 
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a general diminution in size of the whole tooth and atrophy of the 
anterior root would load to a type identical with that of modern 
Man. 

Amongst the teeth of Krapina man, figured by Gorjanovic-Kram- 
berger^, is a pm.^ which shows a very decided approach to the hypo- 
tlietical condition described above. Tliat specimen is triangular in 
shape, is strongly developed on the external side, and the inner and 
outer cusps arc connected by a ridge, which is not only prominei\t 
but also obli(|ue. 

That the front premolar in the Primates was originally unicuspid, 
may he conjectured from the fact that the modern representatives 
of the more primitive family of the CercopithecMcc all possess a 
single cusp to pm.j. The saine is the case in the Lemurs. Further, 
none of the fossil types show any trace of a second cus]), if we except 
the vestigial one wliich Schloss(5r records in Propfiopilhecus. The 
latter genus shows evidence in other ways of being on a line which 
developed precociously in the directions followed by other lines 
in much more recent times. The Eocene Primates exhibit a very 
distinct heel in the premolars, but no trace of a cusp internal to the 
main one. Such an inner cusp is a well marked and fairly constant 
feature in the Gibbons, but we have no reason to suppose that it 
dates back from any more remote period than the Pliocene. Slight 
traces of this second cusp in pnio are occasionally met with in 
the Gorilla, Orang and Chimpanzee. 

The CehidiB, it is true, have this inner cusp in pnia, but in many 
respects they are an extraordinarily advanced family. Moreover, 
it must be remembered that iji this family there are three lower pre- 
molars, and this fact may, for physiological reasons, have led to the 
early molarizatiori of J)m 3 . 

On the whole, then, it seems that we may consider it possible 
that the human ancestor might have belonged to the same genus as 
the mandible of Sivapithecus indicus. We must of coiirse be prepared 
for such a hypothetical Miocene human ancestor, when found, proving 
to be in the process of evolving a broad jaw by a rather different 
way, or to be too near Man to make it possible to include it in the 
genus Sivapithecus. In this case Sivapithecus would not be on the 
main line of man’s ascent but would represent a special adaptation. 
For the present, however, 1 prefer to consider the human ancestor 


* GorjanoTic-Krambergur, Der diluvinlo Monscli von Krapina, Mill. d. Anthr. OestUt 
Wien., vol. XXXI, p. 190, PI. Ill, fig. 3. 
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as a marginal species of Sivapitliecus. This is represented iu the 
accompanying table in Plate 4 by the line to Man passing through 
the end of the name Sivapithecus and not through the middle of it. 

The characters by which Sivapithecus differs from Man and 
resembles the apes or Dryopithecus do not militate in the least against 
such a view, since tlicse are obviously primitive characters, and 
there is absolute proof that many of them were but lately acquired 
by the human stock. Such characters are the largo canine, which 
has been sliown to occur even in a g(mus ])ossessing skull characters 
so nearly resembling those of Man as Eoanthropus. Certain of the 
primitive Australian races have a slightly larger canine than is the 
case in normal inankind. The same is true of the l*akeolitluc 
species, Homo neande/rthalerisis. Morc'ovcn* the milk canines of modern 
Man exhibit amongst the various features, which distinguish them 
from the permanent canines and which have been detailed by 
KSmitli Woodward,^ that of slightly superior siz.^. The (juestion of the 
hinder cusp of tlu’; lower canine, by which Sii'a]>itlwcus agn'es with the 
apes and espofiially with the Gilffxin and differs froni Man is discussed 
on page 59. It seems likely thai. this is also a pjii»iitive character, 
and that its gradual ntropliy has taken place on more than one 
line. The chin, which is such a striking feature in the jaw of 
modern Man, is wanting in some of the more anciejit Pakeolithic 
types ; hence tlic fact that Sivapflhecus does not i) 0 ss(‘hs it j)roves 
only that that genus is in an earl\' stage of develo])ment. The 
increasing length of the molars as we go backward in the jaw 
is found in many of the fossil Iloniinida., and does not })rove any 
near affinity of Sivapithecus to Dryopithecus. The recent apes 
have proceeded along the same lines as regards this reduction in size 
of the back molars. The loss of tin? m(*soconid in the human m^ is 
equally a ease of late degeneracy found in the Gibbon and Chim- 
panzee as well as Man. Jn Man however this degeneracy has 
involved nig as well as nn,. The large breadtli index of the Siva- 
pithecus molars as well as its diminution going from m.^ to nij may, 
however, be taken as evidence that Sivapithecus has reached a fuither 
stage of development than the primitive Dryopithecoid ancestor, 
hence that the former genus stands on tlic main line to Man long 
after the divergence of Dryopithecus had taken, place. 

Stress may also be laid on the resemblance between the molars 


1 jSmith Wooilwaixl, Supploinonlaiy imtc 
skull and mandible at Piitdowii. Quart. Jour 


the di>r<»vory of n ])iiIaM)lithio luiman 
i. AW JAtnd., Vol. LX\ (1914), p. 91. 
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of Sivajnthecus and rn^ of Man, which Inas not degenerated like the 
two hinder molars. The position of the ni(*soconid, the general sim- 
plicity of structure, the higher cusi)s, and the coarseness of the 
folding seem to approximate to similar features in the human stock. 
The reduction of pm^ also recalls what lias occurred though to a 
greater degree i?i Man. The large pm.} would seem to be a primitive 
character, judging from the similarly large ])tn 3 in the Cerco'pithecid(e 
and the Lemuroids, and by the reduction of the same tooth in the 
Chimpanzee and the Orang. 

A comparison of the mandibles of SinnjntJiccus and Eoanthro'pus 
seems inevitably to suggest that the latter genus is farther removed 
than the former froTu the direct line of human ancestry. The 

longer symphysis, in which there is certainly no trace of any shorten- 

ing comparable with that which has taken place in Man, the narrower 
teeth and the position of the canine, entirely in advance of the 
preniolar series, seem to be primitive chaiacters, wliich have been 
retained by the Pleistocene genus Eoanlhropiis, though lost in the 

Middle Miocene Sim, pith ecus. The human characters of the skull of 
the former are suHicient reason for assigning it a place on the 

line of the Hominldiv,. It luicessarily follows that the two lines of 
Eoaiithropus and Sicapilhecus diverged long before the appearance 
of the latter genus. 

The reduction of pm.}, m^ and ))ossibly of the canine are features 
of an advanced stage of evolution i?i the Antliropoidea, such as 
might be ex})ectcd in any Pleistocene anthro])oid genus (juite 
independently of its particular line of descent. 

Before finally deciding the respective claims of these two genera 
for a position on the direct line to Man, we must investigate the 
structure of the lower canine, which may tell altogether against the 
conclusion to which I have so far been leading. 

As has been described, the lower canine of Sivapiihecus seems 
by the possession of a hinder heel to be more like that of the Gibbon 
than that of any other of the anthropoids. This prolongation, 
however, occurs though less strongly in the Orang, the Gorilla and 
the Chimpanzee. Dr. Stnit^^ Woodward seems to imply, though he 
does not actually state it, that he infers from the fact that the milk 
canine in the apes does not show this hinder heel so markedly as the 
permanent canine that the heel is a later development in the race 
and that primitively the Primates were without it.* I hope I have 


^ Smith Woodward, 1. c., p. 91- 
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not^misunderstood him, but in any case if this were so, then, obviously’ 
Sivapithecus could not have been ancestral to Man, since it would 
possess a character more advanced than in the latter. I think, 
however, that Dr. Smith Woodward would be the first to admit that 
undue stress must not be laid on tJie milk dentition as evidence of 
phylogenetic development and more especially on canines. On 
the other hand such a heel is found in the primitive Cercopuhecidw 
and Cebidee. In Pliopithecus it actually takes tJie form of a bjisa.1 cusp. 
Such a structure would be perfectly explainable if we accept the 
theory^ that the canine was originally a prcmolar which has taken 
on the functions of the former. The heel Avoiild then be the remnant 
of the hinder cusp which is present in the preinolars of Primates both 
primitive as well as advanced, this renmant beirig largest in the 
Gibbon, tending to disappear in Gorilla, Orang and Cliimpajizce and 
having entirely vanished in Man. i think therefore tliat such a 
canine is what might be expected in a Miocene ancestor of Man. 

The obvious conclusion to be drawn from the facts is that 
Eoanthropus represents a collateral stem which did not lead to Man as 
we know him from any of the recent and most of the fossil types, 
being, so to speak, only one of >Jature‘s experiments at producing 
the higher human type. An exception, possibly the only one, to this 
is seen in the mandible found in the Manor sands, near Heidelberg, 
and described by Otto Scba)tensack.“ The synip.h ysis and general 
structure of this famous relic remind us more of Eoanthropus than any 
other human mandible so far known. Poule suggested, indeed, that 
the two are specifically inseparable.^ ft has iiot bc(Mi suggested, so 
far as [ know, that the Heidelberg jaw should bo ascribed to any 
other genus than Homo, but it is belie,ved by many scientists that 
the species of Homo, which it represents, has no eonnectiou with 
modern Man. If my ideas as to the evolution of the anthro})oid 
symphysis are sound, then wc seem justified in going farther tha?i 
this, and placing Eoanthropus on the line which led, possibly by 
degeneration according to Smith Woodward’s view,'^ to Neand- 
erthal Man, and Sivapithecus on that which led to modern Man. 

« 

1 Compare M. Sclilosscr, Ueitrago zur Ivonntniss dor oligocanon Landsiiiigothioro 
au8 dem Fayum : Agyptoii Bcilr. z. Pal. n. Urol. OM-Unij.^WrA. XXIV p. 62, 

and see page 04 below. 

* O. Schcpbenaack, Der untorkiofor dea Homo lloidolbergcnsis ana doa Winidon von 
Manor bci Heidelberg. Leipzig, IflOS. 

■ M. Boulo, L’Hommo fossile de la Chaijello-aux- Saints, Annales dc, Paltoniologie 

yol. VIII (1913), p. 246. 

^ Smith Woodward, 1. o., p. 139 . 
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After all, when once we have admitted the polyphyletic origin of 
Man, this hypothesis only places the separation of the two or more 
branches of humanity rather farther back in the geological record. 

A possible alternative to this theory is that Eoanthropus stands on 
the direct line to Man and that the shortening of the symphysis, the 
increase in width of the jaw, the backward shifting of the canine and 
ir)cisors, and the broadening of the molars all have taken place 
since the beginning of the Pleistocene, while Sivapitkecus is an 
instance of precociously developed human characters in a Miocene 
genus, which, nevertheless, evolved no further and did not proceed as 
far as Man. 

On the Avhole the former of these two views seems preferable, 
since the period which has elapsed since the Middle Miocene seems 
ample for sofue marginal species of Sivapilhecus to ..have undergone 
consideral)le leduction in regard to its caiiine, pnig and nig, while, 
on the contrary, the long symphysis and narrow teeth of the Pleis- 
tocene Eoanthropus seem as if they could hardly have given rise 
to Pleistocene forms of IIowo sapiens^ or even of modern Man, in 
the required time. 

There is indeed a third alternative that the human ancestor was 
on a third line, distinct from that of either Eoanthropus or Sivapi- 
thecus. This, though far from improbable, need not at present bo 
considered as it entirely enters the region of guess work. 

Accordingly it is the first of these views which I have tried to 
express diagrammatically in the table of descent forming Plate 4. 

The short sympliysis of the Gibbon is perhaps closer than that 

The Gibbon other of the living anthropoid apes to 

what I conceive to be the ancestral form, before 
its shortening in the Sicapithecus line or its lengthening in the 
Dryopithecus line had commenced. The symphysis has, undoubtedly, 
deepened considerably, and its front edge has become more vertical. 
It is even conceivable that it may have shortened, but in any 
case much of its primitive appearance has been retained. When to 
this we add the narrow palate and mandible, the simple, generally 
narrow teeth, showing neitner cingulum nor crenulation, the elongate 
crown of prug, the strong hinder cusp in the lower canine, not to 
mention other characters which are not so much in question in the 
present paper, 1 see no other probable theory than that the Gibbon is 
the somewhat advanced representative of an ancient type more 
nearly allied than the other living apes to the original lemuroid 
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stem, from which the Man and Dryofithecus lines 

diverged. It seems to me likely that these similar characters in the 
Gibbon and Simpithecus, which we have good reason to believe are 
primitive, possess an important significance and indicate a closer 
connection to one another and to the original anthropoid stock for 
these two genera than is the case with the other living apes and 
Dryopithecus. Possibly also at an earlier date both the Cchidce and 
CercopitheddcB separated from the same primitive stock. 

In deciding as to the position which Pithecanthropus erectus, 

Pifhecanfhropus. 

cnir genealogical scheiiio, we am met witli nu- 
merous difficulties, arising not only from the meagre nature of the 
material, but also from the doubt whether all of it sliould be referred 
to the same species. Assuming that the human features presented 
by the femur and the skull cap, as well as to a smaller extent by the 
fragmentary teeth, entitle this genus to rank as one of flic Ilominidw, 
it seems to me that we should be quite prepared to lind also features 
which it shares in common with the Gibbon ; these latter features it 
might owe partially to retention from a primitive i>ibbonoid ancestor, 
partially to development along the same lines as th(‘ Giblions; both 
of these suppositions are rendered easier, if the belief, which seems 
to the author so plausible, is accepted, that the human and Gibbon 
lines are more closely connected than those of other anthropoids. 
The gibbon-like affinities of Pifftevantlfropus were originally noticed 
by Dubois, and have later been discussed by other seiciitists. espe- 
cially amongst the Germans. More recently Boiile lias seen in them 
a strong argument for removing Pilhecanfhropus from the Ilominidtp^ 
and placing it on a s])ecial side branch of tlie Ili/Iobatidcr.^ The 
human characters of the Javan specimens he would then attribute 
to convergence. Although 1 am not ])repared to deny this hypo- 
thesis, yet in view of the explanation offered above, it seems to me 
not only unnecessary, but improbable, when one takes into account 
the dimensions of the Javan remains, which greath" exceed those 
of the Gibbons, as well as the entire absence of evidence that many of 
the human characters of the teeth and of the calvarium ever deve- 
loped on any other anthropoid line than tliat of Man. I am, therefore, 
inclined to consider Pithecanthropus as an early oflslioot from some 
species of Simpithecus. 


1 M* Boule,l.‘c.,p. 263, 
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Dubois has treated in detail the question of the affinities of 

Pliopifhecus and Pro- PUopiihecus and has advanced cogent reasons 
pliopithecus. [qj- accepting the general view that it is 

ancestral to the Gibbon^ I am incomplete agreement wirfi his con- 
clusions. Tlie differences between Pliopithecus and the Gibbon may 
be summarized as follows : — 

1. The greater proportionate breadth of the teeth in the front 

of the jaw in Pliopithecus, particularly marked in the 
case of pnig, but noticeable in all the premolars, upper 
as well as lower, and in the first molar above and 
below. 

2. The nnich longer symphysis in Pliopithecus, 

3. Tlie greater divergence of the mandibular rami. 

4. Tlie unicuspid character of pnig in Pliopithecus, in contrast 

to the two cusjis which this tooth possesses in the Gibbon. 

5. The narrowness of the jaw in front, as shown by the much 

smaller united breadth of the incisors than in the 
Gibbon. 

0. The much smaller height of the canines in the fossil genus. 

7. Whereas in the Gib])on the depth of jaw increases from 

behind forward, in Pliopithecus the depth is uniform. 

8. The greater elongation of nig in the Gibbon, and the more 

complicated talon of the same tooth. 

9. The greater length of nig as compared with nig in the 

Gibbon. 

JO. The presence of a strong cingulum in the fossil genus which 
is absent in the Gibbon. 

Of these 4 to 10, though, in my opinion, sufficient to justify 
generic separation, are not incompatible with the supposition, which 
appears to be generally held, that Pliopithecus represents an ancestral 
type from which the Gibbon directly descended, since we either 
may be certain or have strong reason to suppose that they are primi- 
tive characters : 10 may be primitive, but in any case we are not 
justified in regarding it as essential. On the other hand it seems 
impossible to suppose that a genus possessing characters 1 to 3 
could have been on the direct line of ancestry of the Gibbon. 

With regard to 1, most of the primitive Primate types, except the 

* Dubois, TJober droi au8g(«torbenA Mcnschonaffon. Neutu Jahrb. /. ifin. Q<ol., «. 
Pal., vol. I. (1897), p. 97. 
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CebidcB, possess long premolars, while in the modern anthropoids the 
length of these teeth is very decidedly less. Moreover such facts as 
are at our disposal regarding the course of development of the anthro- 
poids, shown for example in the genera which fairly obviously may 
claim descent from Dryopitheem and in the prehuman genera 
Eoanthropus and Sivapiihecus, lead us to imagine that the tendency 
has been for the breadth index of the premolars to increase rather 
than to diminish. 

With regard to 2, nothing ])oints otherwise than to the conclusion 
that such a symphysis as that jmssessed by Pliopiihecus is a later 
development, seen in no single case amongst primitive Primate types. 

Additional evidence in favour of tlie view here advocated is 
afforded by tlie Oligocene genus Propliopithecus from the Egyptian 
Eayum. Schlosser has expressed the oj)inion that this genus is so 
nearly allied to PUopithceus that it can be regarded as its direct an- 
cestor.^ There seems to })c hardly anything against this. It is, at all 
events, separated by so great a time interval from PUopithecus that 
even if it be not its' direct ancestor we may yet gather from it the 
direction of evolution followed in the PUopithecus line. Accordingly 
we may note the short symphysis and the lesser divergence of the 
rami of Pro plio pith ecus as supplying evidence in favour of the view 
set forth above. 

The extremely large breadth index of all the teeth, but especially 
of the front premolars, is apparently opposed to it. Equally so, 
however, would the fact that m.j is shorter than nu. Thc-re can, 
however, be ]\o doubt that the latter character is typical of an 
advanced stage of evolution. Consequently, I am of opinion that 
the large breadth index in the dentition of Pro pUopif hems is also 
a j)recocious development, and j)oints to PropJiopithecus being an 
early offshoot from the main PUopithecus lijio, in which certain 
features, generally characteristic of a much later stage, have pre- 
maturely arisen. It may be observed that features of a precisely 
similar advanced type occur in the otherwise primitive family of 
the Cebidee. 

The question of the canines in this branch merits consideration. 
Are the small canines in Propliopithecus an instance of precocious 
reduction, similar to what has occurred at an extremely recent 
period in the case of tlie Ilominida, or were the canines of the 


\ Schlossor, 1. n., p. 54, 
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Anthropoidca primitively small ? The answer to this can only be 
hazarded as a ^iicss. Or)o is, however, inclined to presume that the 
reduction of the canines in Man is too recent to be regarded as other 
than a physiological adaptation, associated with his upward progress 
towards civilization and possibly adoption of tools. Further the 
milk caniiie in the anthropoid apes tends to be smaller than the 
permanent canine, just the reverse of the condition observed 
in the milk canine of Man, which is larger than the permanent 
canine, suggesting that what occurs in the history of the individual, 
has also occurred in the history of the race ; in each case it is the 
characters of its more recent ancestors which are reproduced in the 
milk dentition. Sclilosser^ has suggested that in the Primates gener- 
ally the canine may have originated as a front premolar which 
gradually assumed a caniniform shape, the origimil canine coming 
to function as an incisor. This transformation is generally believed 
to have taken place in the Lerniiroidea, and such a hypothesis 
for the Sirniidiv would explain the s»)ia)l size of the canines in Pro- 
yliofitliecus. Even in PUopifliecus, which is the next oldest of the 
Anthropoidca to Propliopilheem, the canines are relatively small, 
but for the most part the various anthropoid lines must by that 
time have accpiired canines of the normal ty])e, assuming that 
original!)'" they had small ones. Subsequently in the Ilormnidco 
alone a recent reduction has occurred. 

On this series of faets and deductions therefrom rests my con- 
clusion that Pliopifhecus cannot be on the main line of ascent to 
tlic Gibbon, but must have branched off at a comparatively early 
date, rai)idly specializing on certain lines of its own and on other 
linos which were to ))c followed at a much later period by other 
groups of the anthropoid ai)es and Man. 

The long symi)hysis, the outward position of the mesoconid 
and the more complex m 3 e({ually prohibit us from placing it on 
the SivapitJiecus line and make it clear that it must, at all events, 
have started on the line of development followed more completely 
by Dryopitheciis. On the other hand, the increase of the distance 
between the hinder portions of the tw"o mandibular rami, the entire 
absence of wrinkling of the enamel and above all the reduction in 
length of the front portion of the rarnus, including the front molar 
as well as the two })remoIars— a reduction which in a lower Miocene 


' SchloBSor, I.C.. p. 51. 
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form is especially striking and significant— is entirely opposed to 
any idea of a long continuance on the Dryopithecm line. PliopithecMs^ 
then, in my opinion represents an early offshoot from the line of 
Dryopithecua and the recent African apes. 

The same arguments, which have been stated above against 
the theory that Propliopithecus was the direct ancestor of Pliopir 
thecus, apply equally against assigning to it any position on the lines 
to the Gibbon or to Sivapithecus and Man. There remains, therefore, 
the most probable supposition that it started on an early branch 
from the Dryopithecus line in common with PUopithecuSy but separa- 
ted from the line of the latter genus almost immediately, specializing 
in the most remarkable way by the broadening of the premolars and 
the reduction in length of m3. 

Paloeopithecus is, unfortunately, known only by the palate and 

. upper teeth. It is, however, evident that 

Palaeoplthecus. , , . , , . 

its narrow palate points to a primitive con- 
dition and, therefore, that the species must either be on the 
Dryopithecus line or be a later representative of a form which was 
on the main line previous to its division into the Sivapithecus and 
Dryopithecus branching. The small size of the incisors in this species 
is equalled only by that of Dryopithecus, Although the structure of 
the mandibular symphysis is unknown, yet the flatness of the front 
portion of the palate proves that no shortening of the symphysis, 
such as has taken place in Man and to a rather less extent in 
SivapithecuSy can have occurred. The most striking difference from 
Dryopithecus consists in the great breadth of the teeth. If this 
large breadth index were due to reduction from the hinder end of 
the series, as has taken place in the Orang and the Grorilla, then 
the first molar should have a smaller breadth index than the 
second and third. We do not, however, find this to be the case in 
Palcdopithecus. Further, w? in Palceopithecus does not show many 
signs of advanced degeneration, and m^ none at all. It would 
seem, then, that the teeth have broadened without degenerating. 
The large breadth index of the premolars as well as that of the 
first molar shows that the shortening has occurred in the anterior 
portion of the jaw. The condition, in fact, recalls that in Pliopithecus ; 
this affinity has*^ already been suggested by Dubois^ and it certainly 
seems reasonable to regard Palceopithecus as a later and more 


^^Puboia, I.C., p. 96, 


F 
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The Gorilla. 


advanced representative of a branch, from which Pliopithecus had diver- 
ged earlier. Tlie vestigial cingulum is reminiscent of Pliopithecus, 
while on the other hand the folding of the enamel and the greater 
reduction of pm® are later developments. Judging by analogy 
with Pliopithecus, it is likely that Palavpithecus had an equally 
long symphysis. 

Griphopithecus, known only by the last upper molar, may con" 
jecturally be placed on this line in virtue of its 
exceptionally large breadth index, unaccompanied 
by any particular reduction in the number or size of the cusps. 

The Gorilla bears obvious signs of being descended from Dryopi- 

The 0 rilla thecus by its narrow mandible, its long and 

deep symphysis, its elongated premolars, and its 
comparatively low breadth index. It was probably descended from a 
marginal hypothetical species of Dryopithcevs with higher cusps and 
a lesser amount of wrinkling. Evidence for the existence of such a 
marginal species, may be found in the species D. (jiganteus and Z). 
chinjiensis, the latter of which, indeed, might even be the direct 
ancestor of the Gorilla. 

The Chimpanzee shows a reduction in the uppet tooth scries, 
greater than that of any of the other recent 

The Ch mpanzee. genera except Man; this is, however, a later 

development. The greater degree of wrinkling of the enamel and 
the lowness of the cusps would suggest that it is not on the same 
subsidiary branch from Dryopithecus as the Gorilla, and the broader 
mandible and shorter symphysis than Dryopitlitcus inclines me to 
the opinion that it sprung from an ancestral form, farther back 
on the main Bryopithecus line than the genus Dryopithecus itself. 

The existence of a last upper molar at the same horizon as 
Palffioslmia and the Bryopithecus, which has an enamel so crenulated 
Orang. as to bear comparison only with the Orang, 

inclines us to consider its owner as the ancestor of the Orang. The 
structure of this tooth admits of close comparison with Bryo- 
pithecus, but it is difficult to regard it as generically identical with 
the latter. It has, therefore, been assigned to a new genus, which 
has been called Palceosimia. The structure of the other teeth and 


The Chimpanzee. 


of the mandible in Bryopithecus and the Orang are very similar. 
There are, however, differences in cranial structure from both the 
Chimpanzee and the Gorilla, which point to a lesser degree of 
specialization in the Orang. It is necessary, therefore, to consider 



Part 1.] Pir.GRiM; Neio Siwah'k Primates, etc. 


67 


PalcBosimia as branching off from the Dryopithecm line previous 
to the Chimpanzee and the Gorilla and passing through a marginal 
hypothetical species of Dryopithecus. 

Following Dubois^, the affinities of the femur from the pontian beds 

Pliohylobates Eppelsheira may be considered to lie rather 

with the Gibbons, and that author’s name for 
it of Pliohylobates eppelsheimensis has an equal right with Pohlig’s 
Paidopithex rhenanus to ))e accepted as the name of the genus and 
species, since both were published at the same meeting.® Dubois’ 
name appears to have attained a certain vogue, while Pohlig’s name 
of rhenanus has been employed by Schlosser for a species of Dryo- 
pithecus, in. which the Eppclshciin femur is included by that 
author. It seems better, therefore, to adopt the name of Pliohylobates 
eppelsheimensis for tliis specimen, as long as it continues to hold 
any title to separate generic and specific recognition. 

As Neopithecus, Abel, (Afithropodus, Hclilosser) is known only by a 
last lower molar its affinities are very obscure. 

Ncopiihccus. 

On account of its low breadth index, and low 
cusps, accompanied by a folding of the enamel which is certainly 
less complicated than in Dryopithecm, and is no greater than in 
some early types of Man or in Pithecanthropus, I place it provi- 
sionally on a branch wliicli left the Eoanthropus line at an early 
date, and has retained many primitive features of the anthropoid 
stock. 

Anthropodus, Lapougc'b being founded solely on an isolated 
upper incisor and a jugal, is too little known to 
be included in this phylogenetic survey. 


Anthropodus, 


^ Diibojs, 1. c., p. 07. 

2 Beige de Qhlogie, Pal. el Ilydrol. spanco du 20tli Oct. 1895. 

•'* 0. do fitipDU^e. Nnto siir uii nouveau singe plioedno, Ball. Soc, Scien. et Med. de V 
Oaeef, du 4® triuio.strc 1894. Uonrics, p. 202 — 208. 
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TaUe of dimensions and hreadlh indices of 
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anthropoid upper molars and premolars. 


6d 



— 

1 

S 

ea 

a 

s 

(jorilla savagei. 

Hylobates leuciscus. 

- 

Hylobates agilis. 

Anthropop it hocus niger. 

Pithecanthropus erectus. 

i 


'Length .... 

12-6 

14 

.5-2 

4-5 

0-7 

11-3 

8-6 


Bread til .... 

14-8 

15-7 

6 

6-2 

10-9 

15-3 

10-6 

M- J 








6-3 


Height .... 


.. 






^Breadth Index 

117-5 

112-1 

115-4 

115-5 

112-4 

135-0 

123-3 


’’Length .... 

14-0 

16-7 

6-6 

6 5 

11-0 

12-0 

9-2 


Breadth .... 

16 8 

16-6 

7-1 

6-4 

11-4 

14-0 

11-6 

M« J 








7-2 


Height .... 








^Breadth Index 

112-9 

1 

99-4 

109 

08-4 

103-6 

116-6 

125 

1 

'Length .... 

i 

14-7 1 

14-8 

6-1 

6-5 

10-8 


10-7 


Breadth .... 

14-8 ! 

15-4 

6-6 

6-0 

11-4 


11-8 

M* H 








7-7 


Height .... 








Breadth Index . 

100-7 

104-2 

106-6 

92-3 

105-5 


110-3 


fLength .... 

•100 

tll-6 

4 

4 

:6-4 


6-8 

Pm* J 

Breadth .... 

13*1 

16-2 

5 

5 

10-3 


8-8 


Height .... 

9-7 

9-7 





7-5 


^Breadth Index . 

131-0 

131*0 

126-0 

125-0 

160-9 


120-4 


"Length .... 

11-6 

11*7 

4 

6-0 

8-3 


7-2 

Pm* 1 

Breadth . ^ . 

12-7 

16-5 

6 

4-6 

9-8 


91 


Height .... 

10*6 

12*2 





8-2 


^Breadth Index . 

110*4 

132*5 

125-0 

90-0 

118-1 

•• 

120-4 


* From a skull In the Indian Museum (No. 4 b), the type of Simia brooJbei, Blyth, Jour. As. Soc. Bengal^ 
XXn (1863), PI. I, II. 
t Ind.Mus. No. 184. 
t Ind. Mus. No. 7687. 
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Table of ratios of lengths of last two Molars of Anthropoids. 


— 

Length of 
maxlOO 
Length of m 2 

« Length of 
m®x 100 
Length of m 

Dryopithocus pimjabicua ..... 

107-7 

90-6(?) 

Dryopithccus fontani (Saint (Jaudonn) 

1041 

•• 

Dryopithecua fontani (Lurida) ..... 

104-5 

■■ 

Sivapitheciia indictis ...... 

110-0 


PalioopithecuH sivalcnsis ...... 

•• 

80-6 

Proidiopithecus hacckcli ...... 

00-4 

■■ 

Pliopithecus antiquiis ...... 

110-1 

92S 

Siinia satyrus ....... 

04-2 

90-0 

Gorilla aavagci ....... 

101-2 

83-8 

Hylobates leuciscua ...... 

88-i 

80-0 

Hylobatos agilis ....... 

80-9 

G9-2 

Anthropopithecus nigcr ...... 

90-7 

•• 

Eaanthropus dawsoni ...... 

9J-7 (?) 

•• 

Man 

lOO-O 

93-5 


EXPLANATION OF PLATES. 

PLATE I. 

Fig. 1. — Cercopithecus (?) aarwii Pilg. right maxilla with and mm.^ 1 
side view, la surface view x2. From the Middle Siwaliks of 
Hasnot, Punjab (Ind. Mus. D, 12 ) Page 3 

Fig. 2. — Cercopithecua (?) aanoii Pilg. last upper promolar developed out of 
the specimen in fig. 1, 2 side view, 2a surface view x3. 

Fio. 3. — Cercopithecua (?) asnoti Pilg. left maxilla with mm* and mm^, 3 side 
view, 3a surface view x2. From the Middle Siwaliks of Hasnot, 
Punjab (Ind. Mus. D. 121) Pago 4 

FlO. ^^^Macacua (?) cf. aivcdenaia Lydekker right mandibular ramus with m^ 
and mg 4 side view, 4a surface view x 3. Form the Middle Siwaliks 
of Hasnot, Punjab (Ind. Mus. D. 184) ^ Page 6 
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Fig. 5.—Dryoj)ithecus pitnjabiats Pilg. right mandibular ramus with m3 and 
tho broken m3 5 surface view, 5a side view, natural size, 5b in3 in 
the same specimen x3. From tho Lower Siwaliks of Chinji, 
Salt Range (Ind. Mus. D. 118) Page 9 

Fig. 6. — Dryopithecus punjahicus Pilg. left mandibular ramus of the same 
individual with m2 and tho broken m3, 6 surface view, 6a side view 
of m2 in this specimen, natural size. From the Lower Siwaliks 
of Chinji (Ind. x'-lus. D. 110) Pago 0 

Fig. 7. — Sivapithecus indie ns Pilg. last right lower molar, surface view, natural 
size. From tlic Lower Siwaliks of Chinji (Ind. Mu.s. 1). 170) 

Pago 39 

Fig. 8. — Sivapithecus indicas Pilg. right mandibular ramus with lUj to pm^ 
and tho broken m3 pnig and the edge of the alveolus of the canine, 
8 surface view, 8a side view from the outside, 8b side view from 
the inside, natural size, 8c mg m tho same specimen x 3. [/= 

menial foramen] From the Lower Siwaliks of Chinji (Ind. Mus. I). 

177) Pago 34 

Fig. 9. — Sivapithecus (^f. indicus Pilg. right front lower pre molar, 0 surface view, 
9a external side view, 9b back view, all figures x 2. From 
the Nagri zone of Haiiiulyangar, llelasijur state, Simla Hills. 
(Ind. Mus. 190.) Page 45 


PLATE IT. 

Fig. 1. — Sivapithecus ef. indicu,% Pilg. left half of tho mandibular symphysis 
with the canine and tho roots of two incisors and of tho front pro- 
molar, 1 surface view, la front view, lb back view, lo outer side 
view. Id inner side view, all natural size. [ar== front root of pms 
pr=: hinder root of pm.J From tho Nagri zone at HaritaJyangar, 
Belaspur state, Simla Hills. (Ind. Mus. D. 189.) Page 42 
Fig. 2. — Sivapithecus indicus (?) left maxilla with two front molars, surface 
view natural size, from the Nagri zone of Haritalyangar, Belaspur 
state, Simla Hills. (Ind. Mus. 1). 191.) Page 47 

Fig. 3. — Sivapiihecus indicus, (?) left upper canine, 3 external view, 3a front 
view, 3b back view, 3c internal view, all natural size, from the 
Lower Siwaliks, of Chinji. (Ind. Mus. D. 192) Fago 47 
Fig. 4. — Dryopiihecus punjahicus Pilg. left front upper molar, surface view 
x3. From the Lower Siwaliks of Chinji. (Ind. Mus. D. 187) 

Page 22 

Fig. 6.-— Dryopiihecus cf punjahicus Pilg. last loft upper molar, surface view 
x3. From the Lower Siwaliks of Chinji. (Ind. Mus. D. 186) 

Page 23 

Fig. 6. — Dryopithecus chinjiensis n, sp. last left lower molar, surface view 
natural size. From the Lower Siwaliks of Chinji (Ind. Mus, H. 
179). 25 

Fig. 7. — Dryopiihecus chinjiensis n. sp. first left lower molar, surface view 
natural size. From tho Lower Siwaliks of Chinji (Ind. Mus. D. 180) 

Pago 26 
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Fig. 8 . — Dryopithecus giganleus n. sp. last right lower molar, surface view 
x2. From the base of the Middle Siwaliks near Alipur, Bakrala 
ridge (Ind. Miis. D. 175) Pago 27 

Fig. 0 . — Palceosimia rugosidens n. gon. ii. sp. lust right upper molar, *eurfaco 
view x3. From the Lower Siwaliks of Chinji. (Ind. Mus. D. 
188) Page 29 

PLATE III. 

Fig. 1. — DryopithecMS punjahiens Pilg. right maxilla with nii, pin4 and 
211113, surface view > .‘1. From the Nagri horizon of the Middle 
kSiwaliks at Hari Talyangar, llclaspur state, Simla Hills. (Ind. 
Mus. 1). 185) Page 16 

Fig. 2. — Dryopithecus punjahiens. Pilg. same maxilla, side view x3. 


PLATE IV. 

Table showing the suggested evolution of the Aiithroiioid tapes and Man. 
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The Brachiopoda of the Namyau Beds of Burma: 
Preliminary Notice by S. S. Buckman, F.G.S. 

rilHE Brachiopoda from the Namyau J3cds belong to the families 
Rhynchonellidoi and Terehratulidai, the number of s})eciinens of 
the former greatly predominating. At first sight the material appeared 
to be unsatisfactory and uninteresting ; but closer investigation 
showed that the specimens were certainly of considerable interest, 
though many were in a somewhat unsatisfactory condition from 
crushing. 

It happened that the specimens had with few exceptions been 
burnt : thus tlieir tests flaked oil and exposed to view certain 
internal details, such as muscle-marks, dental plates, etc. Tbcri it 
became obvious that it was necessary to burn known species for 
comparison. As the^ burning proceeded it was seen that the in- 
vestigation was by no means a simple one ; but that the results 
obtained were furnishing most important data both for a claKsilica- 
tion of the families concerned and for ascertaining dates of species 
of unknoAvn ago. 

It soon became evident that the Namyau Brachiopoda were 
from strata of Jurassic age, and that a classification of the Jurassic 
Rhynchonellidw and Terebratulidoj would be necessary to exj)lain 
their affinities. The following is an outline of the classification 
projected. 

Family, Rhyncuonell uym. 

The Rhynchonellidoe are divisible into three main series — 
Lceves, Capillatce, Ornatce. Lceves arc smooth and develop ribs 
directly on a smooth stage ; Cap ilia frr Jiave hair-like lines (striae) 
and then may develop ribs ; and Ornatw have additional ornamcjit, 
like imbrication, or spines. 

The type of Rhynchonella, R. loxia, Fischer, is one of the Capillatw. 
The acuta group, which so much resembles it, belongs to the Levees, 
and so must be removed. The result is that Rhyrwhonella, which 
once covered hundreds of species from Ordovician to Recent, 
must now be confined, so far as present knowledge goes, to one 
species, R. loxia. Cretaceous developments may be looked for ; 
but many Cretaceous species belong to Cyclothyris, MCoy, distin- 
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guished by obsolete or obsolescent dorsal septum and broad dorsal 
muscle-scars. 


Genera.' 

Genotypes.* 

1 Remarks. 

* Pisirhynchia 

* Holcorhynchia 

* Onathorhynchia 

* Calcirhynchia 

IjavES, 

R. pisoides, Zittel 

R, standishensis, S. Buckm. 
G. liostraca, S. Buckm. sp. 
C. calcaria, nov. 

R, calcicosta, Dav, 

* Sphenorhynchia 

* Kallirhynchia 

* Tropiorhynchia 

* Piarorhynchia 

* Cuneirhynchia 

* Curtirhynchia 

* Homoeorhynchia 

* Rhynchonelloidea 

* Costirhynchia 

S. plicatella, Sow. sp. 

K. yaxleyensis, Dav. sp. 

T. tlialiay d’Orb. sp. 

P. radstockensisy Dav. sp. j 
C. dalmasi, Dum. sp. 

G, ooliticay Dav. sp. 

H, acuiay Sow. sp. 

R, ruthenensisy Reynfes sp. 
C, costigera, nov. 

series 

R, subringenSy Dav. 

* Grandirhynchia 

* Tetrarhynchia 

* Quadratirhynchia 

* Gibhirhynchia 

G. grandiSy nov. 

T. tetraedray Sow. sp. 

Q. guadrcUa, nov. 

G, gibbosa, nov. 

series 

R, amaUheiy Dav. 

* Rudirhynchia 

R, rudiSy nov. 

series 

T. calcicostay Quen. 

* Stolmorhynchia 

* Ptyctorhynchia 

* Globirhynchia 
Burmirhynchia 

S, stolidota, nov. 

P. pentaptyctay S. Buckm. 
sp. 

Ljsves ? 

G. subobsoleta, Dav. sp. 

B. gutta, nov. 

series 


1 Names with asterisk were proposed in a leaflet “ Oen. of some Jurassic Brachio- 
poda/’ published by Messrs. Wesley & Son, London, Juno, 1914. Names in heavy 
type are new. ^ 

* Genotypes are written with sp. to denote that the species to bo subsequently 
figured in the memoir in the Paleeontologia Indica will be the actual typos, in case of 
questions of misidentifioation. 
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Gonera. 


Genotypes. 


Remarks. 


Rhactorhynchia 


* Goniorhynchia 

* RussirhyncJiia 

* Cymatorhynchia 

* Kutchirhynchia 

^Mlaxillirhynchia 
iW Parvirhynchia 
RhynchoneUa^ 

Fisch. 

* Trichorhynchia 

* CapillirhyncMa 

* Furcirhyncliia 

* Lineirhynchia 

* Rimirhjnchia 

* Prionorhynckia 

* Squamirhynchia 

* Flabellirhynchia 

* Granulirhynchia 

* Cryptorhynchia 

* N annirhynchia 

* Stnirhymhia 

* Acanthorhynchia 
AcanthothiriSy 

d’Orb. 


Lmvbs ? 
R, rhacta^ nov. 


G, gonicea^ nov. 

R. fischeri, Rouillier sp. 

C, cymatophorina, S. Buckm. 
sp. 

K, kiUchensis, Kitchin sp 

Capillat^. 

M. implicata, nov. 

P. parvuhy Desl. sp. 

R. loxia^ Fischer 

R, deslongchampsi, Dav. 

C, wrighti, Dav. sp. 

F, furcata, nov. 

L. cotteswoldicBy Upton sp. 

CAVlhUATM ? 

R. rimosiformis, nov. 

P. serrata, Sow. sp. 

Ornatjh, 

S, squamipleXy Quen. sp. 

F, lycetti, Dav. sp. 

G. granulata, Upton, sp. 

C, puhherrima, Kitchin sp. 

N, subpygmceay Walker MS. 

S, dorsetensisy S, Buckm. sp. 
A. panacanthiua, B. & W. sp. 
A, spinosuy d’Orb. sp. 


R, subtetrahedray 
Dav. and R. obso- 
leta, Dav. series 
R. bouetiy Dav. 


R, furcillata, Dav. 


R. rimosuy Dav. 


R, pygmwa, Dav. 


Family^ TEREBRATULIDiE. 

These are divisible like the RhynchonelUdw into LoBves, Capih 
l^tCB and Ornata, with the advantage that there are no L(Bve$ or 
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CapiUato) of doubtful ori<j[in, because the prior stage has not, as with 
several Rhynchonellidai, been obscured by development of multi- 
plication. 

In addition to these groups it has been convenient to make 
one of Ruijoscc, for species with strong transverse ornament. 


Gonoia. 

( Jonotyp'^s. 

IvEMATlKS. 

Orthotoma, Quenst. 
Pseudocflossothyris, 
S. Buckm. 



* Lmgiiithyris 

L. hifiday Rothp. sp. 


Niicleota, Quenst. 


Glossothyris, Don- 

Anlinomia, Cat. 


vilic ^ 

Pygope, Link 
Pygites, Ha an 



Euidothyris 

E. aff. evides, S. Buckm. sp. 


* Ptyctothyris 

P. stephani, l)av. sp. 


Ileiyyna, Haas. 

1 


Charltonithyria 

1 C. uptoni, R. Buckm. sp. 


* Lobothyris 

! L. punctata. Sow. sp. 

i 

* Cererithyris 

j C. intermedia, Sow. sp. 

i 

Stiphrothyris 

j S, tumida, Dav. sp. 

j 7\ gJohafa, Auett. 

Stroudithyris j 

1 S. pisolitliica, S. Buckm. sp. 

j 

* Loboidothyris I 

L, perovalis, Dav. sp. 


Kutchithyris i 

K. acvtiplicata, Kitchin sp. 


* Lophrothyris 

L. etheridgii, Dav. sp. 


Tubithyris 

T. wrighti, Dav. sj). 


* Spheeroidothyris 

S. sphceroidalis, Auett. sp. 


* Goniothyris 

G. gravida, Szajn. sp. 


Epithyris, Phillips 



Plectothyris 

P, fimbria. Sow. sp. 


* Plectoidothyris 

P, polyplecta, S. Buckm. sp. 


Tegulithyris 

T, bentleyi, Dav. sp. 
CAPJhLATJE, 


Terebratulina, 

d’Orb. 

Disculinay Desk 



Trichothyris 

T, compressa, Kitchin sp. 


Holcothyris 

H, angidata, nov. 
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Concra. 

( «'ono typos. 

IIemaeks. 




Rugithyris 

R. suhomaloqaster, S. Buckni. 



OaNATM. 


Cheniothyris 

C. morieri, Desl.-Dav. sp. 


Dictyothyris, 

I 


Douvillc 

1 

1 


In the above classification the genus Burmirhyncliia is croated 
for the bulk of the Burma RJiynchoneUidw ; but a few of them 
may belong to the genus Sphenorkynchia — the doubt that exists is 
owing to the poor condition of the specimens. 

T’he genus Burmirhyncliia has outwardly some resemblance to 
the genus Rhactorhynchia, of which tin*. Bathian (Great Oolite and 
Bradford Clay) species hav^e usually been called collectively the 
o&6’oZc/a-series : ]Iavidson\s identification, however, is certainly in- 
correct. Internally Burmirhyncliia differs de.cidedly from Rliacto- 
rliyncliia. Externally also it bears much resemblance to Kalli- 
rhynchia, a genus now proposed for w^hat has hitherto been known 
colloquially as the concmna-series, appertaining principally to the 
Bathian (Cornbrash). Internally there is good distinction. 

A further European Bathian (Great Oolite) series, to wdiioh 
Burmirhyncliia boars a general resemblance, is that of Rh. hopkinsi, 
Davidson. Here, howT.ver, there has been some difficulty in ob- 
taining good internal details. But wdien investigation was extended 
to various other European Rhynchonellids of the Bathian, loosely 
grouped under the names R. ohsoleta or R. concinna, it was found 
that these species show^ed internal characters agreeing with those 
of Burmirhyncliia. It was seen that the burning process, by reveal- 
ing internal details, afforded w^hat have hitherto been lacking — 
satisfactory data for the separation of a large body of species of 
Rhynchonellids of the Bathian, — a mass of species practically un- 
known to science, because there had been no efficient method of 
discrimination. 

On the evidence of these species the Burma Rhynchonellids 
are of Bathian (Great Oolite) date, and the Namyau beds are a 
formation of Great Oolite times, possibly earlier than the Patcham 
strata of Gutoh. 
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There are about 40 species of Burmirhynchia from the Namyau 
beds, divisible into several series, showing good sequences of devel- 
opment. ^ 

The Terebratulidce from the Namyau strata do not give any good 
evidence for geological date, because they are not comparable 
with any Jurassic species yet discovered ; but in regard to brachiopod 
evolution they are more interesting than the Rhynchonellidca. 

For the Namyau Terebratulidce it has been necessary to make 
a genus Holcothyris ; and the name was given because they show 
the method by which dorsally sulcate species like Pseudoglossothyris 
can develop into biplicates. 'J"his is the first lesson which the 
Namyau TerebratulidcB taught, but it has led to a whole series 
of discoveries. However these Namyau forms are separated from 
other Jurassic biplicates by the fact of possessing good capillate 
ornament : this places them in the restricted series of Terebratulce 
cayillatcB in the above classification. 

Search for European Jurassic species comparable to Holcothyris 
resulted in a remarkable discovery : that there is in the Bradford 
Clay of England a whole series of species showing the same sequence of 
development as the Burma Terebratulids, but they are not capillate, 
and they therefore take their place among the Terebratulidce Iceves. 
But what is also remarkable about them is that they are, with the 
exception of one small species, T. bradfordiensis, Walker-Davidson, 
wholly new to literature : this shows how little is really known 
about the geological fauna of a country supposed to be well- 
explored ; and, therefore, no surprise need be felt that the Burma 
brachiopods are new to science. I found these English species 
chiefly in the cabinet of Mr. J. W. D. Marshall, but their recognition 
must be credited to the Burma Terebratulids : they gave the clue. 

There are about 20 species of Burma Terebratulids of the genus 
Holcothyris, which can be arranged in several series showing interest- 
ing evolutionary changes. The manner in which they have, directly 
and indirectly, enlarged the field of knowledge with regard to 
Terebratulid morphogeny can hardly be exaggerated. 

It will be noticed that in the above classification certain genera 
have been founded on species described by Dr. F. L. Kitchin from 
the Jurassic strata of Cutch.^ These genera are, among Rhynchonel- 
lids, K\Uchirhynchia and Cryptorhynchia, among Terebratulids, Kul- 
chithyris and Trichothyris. It was necessary, seeing that the Pat- 


» pal. Ind. (9) III, 1900, 
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cham beds of Cutch were presumably so nearly of the same date as 
the Nainyau strata of Burma, to investigate the Cutch species ; 
and my cordial thanks are due to Dr. Kitchin for placing specimens 
at my disposal, as well as for the kind encouragement which lie has 
always so readily given. This Burma investigation has therefore 
been the means of adding to a knowledge of the Cutch species. 

Summary. 

The Namyau beds of Burma have yielded about 40 species of 
Kliynchonellids and about 20 species of Tcrebratulids, all new to 
si'ience. The evidence points to these beds being of Bathian age, 
about the date of the Great Oolite. J^etween them and the under- 
lying Napeng Beds of Rhictic age there must, therefore, be a noii- 
s(‘quence of some 8 or 9 ages. 

The burning of the Namyau brachiopods lias suggested a new 
method of investigation for internal characters, and this has led to a 
d(‘taile(< classification of Jurassic RhynchoneUkhv and Terebra- 
inlidcB. 'j'his method of investigation must m the future become 
particularly important, since it affords much surer grounds for 
discrimination of species. 
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MISCELLANEOUS NOTE. 

Qypsum in Dholpur State. 

AVhile 1 was in Dholpur in November 1913, the Maharaj Rana showed 
me some small pieces of selenite of local origin, which were being sold in the 
bazar under the name (jhurddntli hartdh Hartal is the usual Hindustani 
name for orpiment, sulphide of arsenic, which is used in Indian medicine 
as a depilatory. Of gkurddntli 1 was unable to get a translation from local 
informants or from dictionaries, but 1 suggest that its meaning is “ horse- 
toothed (Hindi ghur horse, and ddntili toothed) on the analogy of “ dog- 
tooth spar.” The selenite was said to be used medicinally, but for what 
particular purpose in this case T could not ascertain. 

The situation of the deposit from whi(*li it came is midway between the 
small villages of Ghviriakhera and Kathumri, about a quarter of a mile 
from the Chambal rivei*. The latter village only, Kathumri, is indicated 
on the Indian Atlas 41', 78° 6'), and lies about eight miles east of 
Dholpur city. 

The occurrence is similar to that in the Hamirpur district, described 
by La Touche^ though quite distinct in origin and is probably analogous 
to the much larger deposits in Jodhpur and ihkanir. The type of country 
is the same as that in which the Hamirpur gvpsum was found, a wilderness 
of tortuous, deep, and vertical -sided ravines, cut back by monsoon torrents 
in the kankar-bearing alluvium, the surface of which li(‘S far above the highest 
flood-level of the Chambal at the present day. 

In a small hillock of this nodular alluvium, isolated by <lenudation, a 
dark carbonaceous layer, a foot thick, is seen to outcrop horizontally nearly 
all round the circumference of the hillock at a dcptli of about thirty feet 
below its top, but much farther below the uppermost surface of the undis- 
sected alluvium. The selenite, in imperfect crystals of a maximum length 
of li inches, usually considerably less, is scatteretl sparsely through this 
dark layer, and is associated with freshwater inollusca of which my colleague 
Mr. G. H. Tipper has very kindly given the following determination r — 

“ They are dwarfed forms and do not show" any decidedjevidence for 
an age older than recent — 

Unio sp. allied to corrugaius Muller. 

(,^orbicula sp. allied to occidens Benson. 

Melania tuberculata var. 

Vivijpara sp. 

Sucemea sp. 

Planorbis sp.” 


1 i?€C. Qtol Surv. XXXVII, Pt. 4, pp. 281-5^ 
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Below the gypsiferous bed is a coarse sand, succeeded in turn by nonnal 
alluvium, which also overlies the bed to the top of the section. Evidently 
the gypsum has been deposited during the dessication of a small saline lake. 
The bed was not traceable into the adjacent masses of alluvium nor does 
the gypsum occur throughout the stratum. 

The occurrence is of no economic importance but is interesting as an 
example of a mineral unusual in Indian rt.cks of post-Tertiary age. 

A. M. Heron. 
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State ; Mr. A. M. Heion. Jaipur, Karauli, Kt)lrdi and 'Tonk ; 
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Dr. H. II. FTayden, Uhitral.Ch ne.se Turkestan and Pamirs . 142 — 14S 135 

DISPOSITION LIST. 

1. During tlu* period under report tlie Officers of the Depart- 
ment were eiiiployefl as follows : — 

tin per i n ten den Is . 

Mr. C. S. Midolemtss . Jietiirned from leave on the after- 
noon of the 8th January 1914. 
At Head-quarters, appointed to 
officiate as Director, Geological 
Survey of India, from the 6th 
April 1914, 
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Mr. E. Vredenburg , . At head-quarters, engaged on the 

description of Indian fossils. 
Placed in charge of Bombay, 

Oentral Tiidia and Rajputana 
Paii.y. 

Dr. L. L. Fermor . Relairned from leave on the LStli 

October 1911. Placed in charge 
of the (‘entral Provinces Party 
and left for tht‘ field on the 5th 
November 19M. 

A ssisfanf Sajjar intended fs. 

Dr. G. E. Pilgrim . At head-quarters as Palfcoritolo- 

gist and in charge .d’ office. 

Mr. 6 . H. Tipper . Returned from the field on (he 14th 

April 1911. Deputed on the 

22nd Noveiul)er 191! to inves- 
tigate the building materials 

at »Simla. Returned to head- 
quarters on the 15th Decem- 
ber 1914. Plac(*d in chai’ge 
f)f the IhiiJiia Party. 

Mr. it. Walker . . Returned from leave on the 24th 

April 1914. Posted to the 
Central Provinces Party and 
left for the field on the Pith No- 

vember 1914. 

Dr. E. H. Pascoe . Returned from the field on the 

11th January 1914. Granted 

privilege leave combined with 
furlough for 11 months and 3 
days with effect from the 29tli 

January 1914. Returned from 
leave on the 8th December 

1914. Deputed to carry out 
the investigation of the oil- 
bearing regions of the Punjab and 
North-West Frontier Province. 

B 2 
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Mr. K. a. K. Hallowes At head-quarters. Deputed on 

the 11th July 1914 to collect fos- 
sil remains in Patiala. Returned 
to Calcutta on the 18th July 

1914. Posted to Central Pro- 
vinces party and left for the field 
on the 29th October 1914. 

Mr. G. de P. Cotter . Peturned from field on the 28th 

May 1914. Reposted to the 
Burma Party and left for the field 
on the 18tii October 1914. 

Mr. J. Coggin Brown At head- quarters Rs Curator. De- 
puted to carry out the geological 
investigation of the Bawd win 

Minos and District. Left for 
the field on the 1st November 
1914. 

Mr. IL C. Jones . . Returned from the field on the 

20th May 1914. Appointed 
Curator, Geological Museum and 
Laboratory, from 1st November 
1914. 

Mr. a. M. Heron . Returned from the field on the 23rd 

April 1914. Acted as Lecturer 
on Geology, College of Science, 
Poona, from May till September. 
Reposted to Bombay, Central 
India and Rajputana Party and 
left for the field on the 21st Oc- 
tober 1914. 

Dr. Murray Stuart . Returned to head-quarters on the 

8th July 1914 on termination of 
the period of his deputation as 
Professor of Geology at the 
Presidency Collie, Madras. 
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Mr. N. D. Daru . 


Mr. II. S. Bion . 


Mr. C. S. Fox 


Mr. R. C. Burton 


Deputed on the 25tli August 
1914 to report on certain road 
metal quarries in Bihar and 
Orissa. Returned to head-quar- 
ters on the 31st August 1914. 
Posted to Boniba}'^, Central 
India and Rajjnitaiui Party and 
left for the field on the 21st Oc- 
tober 1914. 

Returned to head-quarters on 
the loth May 1914. llis services 
pernianeiitJy transfcirrcd for 
employment in the Indian 
Educational Service as Pro- 
fessor of 0 oology at the Madras 
Presidency College, but on 
probation for one year with 
effect frum tlic 23rd Juno 
1914. 

Returned froju the held oji the 
23rd April 1914. Deputed to 
Kashmir for fiekl work from June 
till October 1914. Reposted to 
Burma Party and left for the field 
on the 20th December 1914. 

Returned from the field on the 
27tli May 1914. Granted pri- 
vilege leave for 3 montiis with 
effect from the 18th September 

1914. 

Returned from the field on the 1st 
May 1914. Deputed to Dar- 
jeeling to visit the Happy Valley 
landslip and surrounding areas 
for the purpose of making a geolo- 
gical map and to report on the 
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stability of the slopes in the 
vicinity during May 1914. Re- 
posted to Central Provinces Party 
and left for the field on the lOth 
October 1914. 

Mr. R. W. Palmer . At head-quarters. Granted extra- 
ordinary leave for 6 months with 
effect from the afternoon of the 
fith August 1914. 

Chemist, 

Dr. W. a. K. Christie At head-quarters. Granted privi- 
lege leave combined with study 
leave for 9 months with effect 
from tlie afternoon of the 16th 
April 1914. 

Stih- Assistants. 

8. Sethu Rama Halt . Returned from the field on the 17th 

May 19M. Granted privilege 
leave for 2 months with effect 
from tlie 25th July to 24th Sep- 
tember 1914. Attached to the 
Burma Party and left for the field 
on the 27th November 1914. 

M. VinayakRao . Returned from the field on the 9th 

May 1914. Granted one month’s 
privilege leave with effect from 
the 8th June 1914. Returned 
from leave on the 8th July 
1914. Deputed during Novem- 
ber , to report on limestone in 
Mikir Hills, Assam. Posted to 
make collections of vertebrate fos- 
sils from certain horizons in the 
Siwaliks of Sind and to make 
stratigraphical observations in con- 
nection therewith, and left for the 
field on the 9th December 1914. 

•*r 
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(trneral l\rff(frl far WhI. 

A ss isla nf (Ju rnto r . 

Mr. a. K. Banerji . At lieacl-qiiarters. 


FieM Oollerhfr. 

Bankfm BiiiARi (Ji'pi'A lMiinn‘d from |(‘avo on IIk* I9bh 

.lamiaiy 19U. At li(*ji(l-quciitors. 


ADMINISTRATIVE CHANOES. 

2. Mr. C. S. MiddleiiiLsiS, Siiporiiiiondc'nt, was appointed to oiliciato 
Appoiiitiiic'iils and as Dire(*tor, ({('olci^ical Sin‘V(‘y ol lialia, dniin^ 
Promotions. j)j, tjayden's ahsi'jire tni l(‘avo fiuin (itli April 

19M. 

I)i‘. (i. 10. Pilurin), Assistant Snperint(‘nd(nil , was appointod to 
officiate as Superintendent, ricc Dr. L. L Kcninor, on leave from loth 
May 1913 and coiitinuod to do so rice Mr. (\ S. Middhnniss horn IStl) 
October 1911. 

Mr. 0. 11. Tipper, Assistatil Sn|u‘rintend(M\( , was a})pointed to 
olfi(nate as Superintendent, ture Mr. Middleniiss froiii dtJi April 1911 
but reverted to his snb.sl.intiv(i Aippointnient on return of Dr. Kermor 
from leave on the LiStli Onto her 191 I. 

4. Mr. 11. 0. Jojies was appointed to act as thirator from the 
1st November 1911. 

5. Dr. [1. II. Hayd(‘n, CM.D., Director, was ;j;ranted priviJeue, l<‘ave 

for 3 months coinl)ined with iurlou;;!) h»r ti 
months with ctTecI Irom the (ith A])ril 1914. 

Dr. E. II. Pas(‘oe ^ranttul j>rivde^e Jeav(‘. tor 2 months and 3 
days combined with furlouyli for 9 months Irom 29tli January 1911. 

Mr. (A S. Kox w^as granted pi’ivile.^e leave lor 3 namtlis with elloct 
from the 18th Sc])tember 1911. 

Mr. R. \V. Palmer was granted extraordinary leave f(.)r b months 

from 7tli Au^nist 1914. 

Dr. W. A. K. Christie was ^ranted j)i‘ivil('ye leave*, for .1 montlis 
combined with study leave for (i months Irom J7th April 1914. 

S. Sethu HatJia Ran was tijraiited privih’ey h‘ave for 2 mojiths 
with effect from the 25t.li July 1911. 

M. Viiiayak Rao was granted privilege leave loi one month from 
8th June 1914* 
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WAR SERVICES. 

6. Mr. C. S. Fox, while absent on privilege leave, was granted a 
commission in the Royal Engineers, and is at present in training 
at Aldershot. 

Mr. R. W. Palmer, who had remained on the Special Reserve of 
oflScers, was recalled to his regiment on the outbreak of war, and, on 
joining the East Lancashire Regiment, was sent to the front in Sep- 
tember. He has already earned great distinction, and has not only 
been mentioned in despatches but has been awarded the Military 
cross. 

PUBLICATIONS. 

7. The publicatioiiH issued during the year under review comprise 
one volume of Records, four of Memoirs and one memoir of 
Palccontologia Indica. 


LIBRARY. 

8. The additions to the library during the year 1014 amounted to 
2,954 volumes, of wliich 1,IGI were acquired by purchase and 1,793 
by presentation and exchange. 


DRAWING OFFICE, 

9. Since the rearrangomejit of the oflices in 1912, it has been 

, found possible to bring all the departments of 

Increased facilitiei. ,, • rr- n a 

the Drawing oliice together on one floor. A 

larger, fully equii)ped dark-room has been built, and electric arc lamps 

of high power installed to enable photographic work to be carried on 

independently of weather conditions. 

10. This better organisation has enabled us to continue on the lines 

started in 1908, when we began reproducing 
Halffone and Colour our own plates by halftone process, and to 
experiment recently with the production of our 
geological maps in printed colours, instead of continuing the lengthy 
and costly process of hand colouring. A first experiment in colour 
printing has proved entirely successful, as is shown by Plate 10, 
published in the last volume of these Records. 

11. This work has been done without the aid of any new appliances 
and it is hoped that, with a larger printing machine, colour printing 
can be undertaken on the ordinary 1 inch and \ inch-=l mile sheets 
of the Survey of India. 
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MUSEUM AND LABORATORY. 


12. Mr. J. Coggin Brown was Curator of the Museum and Labora- 

Staff. October, when he left for 

Burma, Mr. H. Cecil Jones taking over the 
duties of Curator. Mr. Ajit Kumar Banerji was Assistant Curator 
throughout the year. Babu Durga Sankar Bhattacharii continued 
to work as Museum Assistant, Mineralogical Section, till he was 
attached to the Central Provinces party for collecting early in 
November. M. R. Ry. S. Subba Iyer continued to work as Museum 
Assistant, Palaeontological Section, and accompanied Mr. Bion during 
the summer months to Kashmir for collecting purposes. 

13. The number of specimens referred to the Curator for examination 

and report was 417 ; of these assays and ana- 

ChemkaTwork ^ above includes the 

determinations of 7G rock specimens for the 
Forest Department, Bombay, and the petrological examination of 
rocks from the Aka .and Mikir UiJls, Assam. The chemical work 
included the proximate analyses of 22 samples of coal from the 
Pakokku District, Burma. 


14. Only one, but a rather large, meteoric tall was recorded during 
'' the year. It fell on the Oth April 1914, near 
the village of Kuttippiirain in Rnmani Taluk, 
Malaliar Distiict, Madras. Altogetlier 1 1 fragments, aggregating 
37,837 grammes in weight were recovered tliroiigh the Collect )r of 
Malabar ; three pieces, forming one individual weigh 32,599 grammes. 
There wtic also two other additions to the meteorite collection. 
The first of these is a piece of the Shopian (Shiipiyan) meteorite, 
weighing 305*29 grammes, which fell in Kashmir in 1912. We are 
much indebted to Ilis Highness the Maharaja of Kashmir for pre- 
senting this i)iece to us. The other, presejited by the Mysore Geo- 
logical Department is a piece weighing 1,109-7 grammes of the Kam- 
sagar meteorite which fell in Mysore in 1902. A description of these 
meteorites by Mr. J. Coggin Brown will be published in the Records, 
During the year pieces of the Karkh, Chaijipur, Khohar and Kuttip- 
puram meteorites were presented to the British Museum ; also frag- 
ments of Manbhoom and Lodhran meteorites WT.re sent for exchange 
to Professor G. *P. Merrill of the United States National Museum, 
Washington, who had asked for them for purposes of study. The 
material in exchange has not yet been received. 
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15. Mr*. J. Coggin Brown found time among his other duties to 
compile a new descriptive list of the collection of 
New Catalogue of meteorites in the care of the Geological Survey, 
Meteorites. August 1st, 19H. This much peeded 

catalogue will be published in the Records, and will also appear 
printed separately for the convenience of jirranging exchanges and 
purchases. If we consider that this collection, as mentioned by 
Mr. Brown, ‘‘ is the largest in Asia, and by reason of the number, 
variety, beauty and rarity of its sj)ecimens, one of the most import- 
ant in the world,” we shall appreciate this ellort to organise our 
knowledge of it, which had not been brought up to date since the 
issue of Mr. T. 11. Hlyth’s appendix to Mr. F. Fedden’s catalogue of 
August 1901. 

1C. The new features of the [)re.sent catalogue are tlu'. alphabetical 
arrangement of the material for ready reference, aiuF the adoption 
of the taxonomic classification of Kose-Tschennak-Breziua, subject 
to minor modilicaiions by other authorities ; a classification which, 
as stated by the author, though weak in certain features, is yet 
the best one available, arid the one followed in nearly all the great 
collections of Europe and America. In that classilication meteo- 
rites are first divided into achondrites, chondrites and siderite^s. 
The achondrites are sub-divided into a number of groups 

characterised by more or less definite mineralogical composition. 
In the case of the chondrites the subdivisions are based inaitdy on 
physical appearance and structure after tlie separation of the en- 
statite-anorthite chondrites and the siderolites. The siderites, after 
the separation of the lithosiderites are grouped into octahedrites, 

hexahedrites and ataxites, each of which is still further sub-divided. 
In addition to the work being an elaborate compilation, the verifica- 
tion of much of the material has entailed considerable pctrograpliical 
research, w'hich has had to be pursued with scrupulous economy in the 
case of rare falls. 

17. In order that this fine collection may continue to grow and 

worthily represent all Jndian meteorite falls, attention may be 
drawm to the fact that by a Government Itesolution, recently re- 
affirmed, all falls in British India become the property of Government, 
and should be at once reported to the local authorities and the 

specimens sent to the Geological Survey Museum. 

18. The Geological Survey, by means of portions sent in exchange 
to all the great collections, and by means of its own display in the 
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Calcutta Musuem, enables these objects of vvorld-wide interest to 
be adequately distributed and placed on view for the benefit of 
everyone. 

19. As in past years requests were received 
um8!""Sca«oiiarin- specimens of mineral and rocks and dupli- 
atltutions, etc. cate material was presented to the following 

institutions : — 

(1) Cochin Museum. 

(2) Prince of Wales College, Jammu. 

(3) St. Mary’s Convent High School, Naini Tal. 

(4) 1). J. H. E. School, Sherpur, liogra. 

(5) St. Joseph’s High School, Calcutta. 

A typical series of charnockite rocks and of Deccan Trap were 
presented to Dr. 11. S. Washington of the Carnegie Institution, 
Washington. The other donations include uncut agates, etc., from the 
Deccan Trap, sent to Dr. T. L. Walker, Royal Ontario Museum of 
Mineralogy, Toronto, Canada, and a specimen of sajipliirine-bearing 
rock presented to Proifessor A. Lacroix of Paris. A set of specimens 
illustrating the kodurite and gonditc series together with specimens 
of Indian manganese minerals was sent to the Mysore Geological 
Department in exchange for the piece of the Kamsagar meteorite 
presented to the Geological Survey. 

Exchanses of Indian ^0. 'Fhc following arc among the specimens 
minerals and rocks. acquired by exchange : 

(1) Fossils and rocks typical of New Sout-i AVales with a small 

type collection of Antarctic rocks, from Professor J. W. 

Edgeworth David, University of Sydney, New South 

Wales. 

(2) 19 specimens of laterites from Professor A. Lacroix, illus- 

trating his memoir on the laterites of Guinea.. 

(3) 10 specimens of copper ore, coppcr-nickel ore, silver-copper 

ore and gold ore from various localities in the United 

States and Mexico, from the United States National 

Museum, Washington. 

(4) 25 New Zealand mineral specimens from the Auckland 

Grammar School, Auckland, New Zealand. 

(5) 15 specimens of minerals and alkaline rocks from Mount 

Boyal, Montreal, from the Redpath Museum, McGill Uni- 
versity, Montreal, Canada. 
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New specimens ac- 21. The following are among the specimens 
quircd by donation. acquired by donation : — 

(1) Small rings of gold from Dhalbhum, presented by Mr. Bil- 

linghurst. * 

(2) Native bismuth from Tavoy, Burma, presented by Messrs. 

Schroder, Smidt & Co. 


Mineral Gallery. 


22. All the rock cases have now been provided with printed 
labels, leaving only a few cases with specimens illustrating physical 

geology, without such labels. It is hoped that 
by the end of next year all the cases will have 
printed labels to each specimen. A model of a rig in use in the 
Burmese oil-fields has been set up in the gallery ; and a statue of 
Buddha made of marble from the Sagyiii Hills, Mandalay District, 
has also been placed there. 

23. Babu Baiikim Hehari Gupta, Field Collector, was employed 

, during the season in collecting various igneous 
Duplicate CO ec4 onb. Giridih coal-field. These include 

eurites, granites, diorites, dolerites, mica-apatite-peridotites, norites, 
anorthosites. 

24. The rc-arrangement of the Invertebrate Fossil gallery, which 

was begun a year ago, is now nearly completed. 
I'ossil Invertebrate The final shape of the Permocarbon if erous and 
^***^*^^' Tertiary collections, however, awaits the com- 

pletion of the palyoontological examination to which the fossils 
belonging -to these systems are being subjected. For the same 
reason the labelling of the Tertiary invertebrates remains inade- 
quate. 

INDIAN SCIENCE CONGRESS. 


25. Under the auspices, and with the co-operation, of the Asiatic 
Society of Bengal, the inaugural meeting of a Congress under the 
above title was held in Calcutta in January of the year under report 
with the object of bringing together those societies and individuals 
engaged in scientific research in India for mutual co-operation and 
exchange of ideas, somewhat on the model of the British Association 
for the Advancement of Science. The meeting was well supported 
by the Geological Survey, among other well-established scientific 
bodies. Dr. Hayden was chairman of the section devoted to geo- 
logy, and papers on geological and allied subjects were contributed 
by Messrs. Vredenburg and Coggin Brown. 
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POPULAR MUSEUM LECTURES. 

26. One of the series of popular lectures in the Indian Museum, 
started during the cold-weather of 1913-14, was delivered by Dr! 
0. E. Pilgrim, on the subject of the Extinct Mammals of India, 

OEOLOaiCAL SOCIETY AWARD. 

27. At the Annual Meeting in February, the President and 
Council of the Geological Society of London were pleased to bestow 
the honour of the Lyell Medal on Mr. C. S. Middleiniss, in recog- 
nition of his work in advancing the knowledge of the geology of 
India during a period of service extending over 30 years. 


OBITUARY. 


Dr. Eduard Suess. 


28. I regret to record the death on April 2Gth, 1914, of the 
veteran geologist, Dr. Eduard Sucss, late Pro- 
fessor of Geology in the University of Vienna. 

To the younger generation of geologists he will be best known as the 
author of the monumental work, Das Anllitz der Erde, the English 
tran.slation of which, Tlie. Face of the Earth, edited by Professor Hollas, 
has rendered it available to all English-speaking students. To the 
older past and present members of the Indian Geological .Survey 
Eduard Suess will be much better remembered as the constant friend 
and helper of the Department, for he had b(*eu closely connected 
with it for nearly 30 years at the time of his retirement jjrom the 
Chair of Geology in Vienna in 1902. 

29. It is only necessary in this note to draw special attention to 
his labours oi» our behalf during that time. Privately since the early 
seventies, and officially since 1886, he had undertaken the care and 
description of the large Himalayan fossil collections made from time 
to time by this Department. The sorting, classification, the distri- 
bution of them to a devoted band of fellow-workers for description, 
the supervision of the plates, and the translatioji of the reports, were 
all undertaken by him as a labour of love through the above long 
period ; and for this on his retirement, he received the appreciative 
thanks of the Government of India. It is melancholy to reflect, that 
the recent outbreak of war, following a few months after his death, 
has now brought to an abrupt end this long co-operation of our De- 
partment with the University of Vienna the details of which were 
so efficiently organised by Dr. Suess during his life-time. 
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MINERALOGY AND PETROLOGY. 

30. Whilst on study leave at (^a?nbridge, Dr. Fonnor made a crys- 

tallographic investigation of two minerals col- 
Hematite from KaJ- looted some years ago at the Kajlidongri mau- 
Udongri. jraiiese mine, .lhabna State, Central India. One 

of these was hematite in small crystals possessing the habit of co- 
rundum, the principal faces present being the basal plane (111) and 
the hexagonal pyramid of the second order (C14). In addition to 
these the following forms were identified : — (513), (715), (29. 1.^7)*, 

(51.1.49)* ; (lOi), (100), (221), and (28.28.13)* — of which the three 
marked Avith an asterisk are new' forms. Doubtful readings were also 
obtained for some 9 other pyramids and 7 other rhombohedra, the 
majority of which W'ould be new' forms. 

31. The other mineral investigated was hollandite, described, in 

1906, as a new species having a composition 
Hollandite from Ka]- corresponding to a salt of the acid H^MnOj.. 
lldongrl. crystallographic study proves this mineral 

to belong to the pyramidal group of the tetragonal system, of Avhich 
scheelite is the type. The crystals examined, w'hich A'ary in length 
from J inch to 1 J inches, are tetragonal prisms of the first order (110), 
with the corners modified by the second order prism (100) and a 
series of heniihodrally developed ditetragonal prisms, of w'hich the 
chief is (210), These prisms are terminated by a very flat pyramid 
taken as (lllj, modified in one case by the additional form (331). 
The accieipted value of pp" is 32° 9', Avhich gives the length of the 
vertical axis as 0.2880. If it be considered desirable to orient the 
mineral to show its relationship w^ith scheelite, then the form (111) 
becomes (105) and the other faces suiTer appropriate changes. 
The value of the vertical axis becomes 1.4400 compared with 1.5356 for 
scheelite, wdiilst the value of the angle pp" for hollandite, which is 
32° 9', is seen to approximate to the angle dd'" of scheelite, w'hich is 
34° 9', d being the form (105) in scheelite. The crystallographic 
relationship of these two minerals is significant in view of their 
chemical formulae, which may be written as R^MnOg and CaWO^ 
respectively. 

32. Whilst at Cambridge Dr. Fermor also made a detailed micro- 

scopic study of thin sections of the following Indian 
The origin of chon- meteorites : — Bori, Donga Kohrod, Sindhri, Karkh, 
ru es In me eor es. g^olghati, Chainpur, Mirzapur, Bilaspur (Baroti), 

and Khohar, his object being to study the characters of chondrules, 
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in view of his hypothesis tJiat they rejn-esent former garnets. The 
results of tliis work have not been entirely as exj)eetod and leave 
unsettled the (piestion of whether the clioudriiles were once garnets 
or not. This is due to an unexpected feature which seems to be 
common tf> all the meteoviles (‘xaminod and to have escaped previous 
notice in the literature of tiu' subject. This feature is so unexpected 
and, if accepted as true, carri(‘s with it sucli obvious difliculties 
that it is oidy menlioued with diffidence'. Dr. Ferinor states 
that had these, thin sections lu'ou })ut I)efore him as slices 

representing teirc'strial ore dcjmsits he woidfl have liad no hesitation 
in Jiffirming that both the nihierals, nielo'l-iron and troilite, had 
been formed later than the other constituents of the rock and 
had in many cases reached tJuar ])resent position by a process of 
nic'iasomatic r(‘j)]acenH']>t. hkicli fd Ihesi' minerals, Avhilst also oc- 
curring with the silicates in th(‘ eem'ial groiind-juass of chondritic 
nieteoi'ites, is often jjarticulaily abundant towards the periphery of, 
but actually within, tin* ehond rules. From a study of the strnctur(?s 
of these meteoi it('S ik is concluded that, many at least of these 
choiulrules consolidated in their |)resent position. There is no evi- 
dence to show whether the metallic minerals in the chondrules have 
been metasonudh'ally ifil roduc(*d from without, (u* have been taken 
into solution from the material of the <‘hondrules theniselves and 
re-deposited in tlm periplteral portion. If the hitter alternative could 
be upheld it would be possible to maintain the garnet hyfiothesis in 
an amended form, according to Avliich, instead of sujiposing tha^ the 
garnets suflered a dry fusion on release oL pressure, water impri- 
soned in the rock gave the fusion an aqueo-igneous cliaracter, so that 
certain constituents of a clioridrule were tenijairarily taken into solution 
in water ])ossibly above its critical temp('rature. One of the meteo- 
rites examined, Kholiar, contains a great number of chondrules 
exhibiting polygonal outlines strongly suggi'stive of a mineral with 
the symmetry of garnet ; whilst in anotlier meteorite, Karkh, one 
slide sJiow'ed an obscure jiatcb of a colourless, isotropic, highly re- 
fracting mineral, strongly suggestive of garnet itself. 8ome ten 
other slides of this fall were cut without the discovery of any further 
patches of this mineral, so that it has not proved possible to confirm 
the determination. The presence of unchanged garnet in a chondritic 
meteorite would filaco an obvious difficulty in the way of accepting the 
garnet hypothesis of the origin of the clioiidrules. One certain point 
appears to arise from this investigation, namely, that although stony 
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meteorites are not known to carry water, yet at some time in their 
past history water played an important part ; and that changes have 
taken place within the meteorite since the formation of the 
chondriiles is proved not only by the relationship of the^meteoritic 
minerals to the silicates, but also by the cases, noticed in the Khohar 
meteorite, for example, in which intergrowth has taken place across 
the boundary of two chondrules in contact. Of the meteorites 
examined, all were chondritic except Tiholghati and Bilas^mr, and 
of these Bholghati proved to be a rather rare type, namely, a carbon- 
aceous hypersthene-oucrite, analogous to the terrestrial norite ; whilst 
the Bilaspur slide differed from Dr. Prior’s description of the fall in 
being free from chondrules and not breccia-like. Of the chondritic 
meteorites Karkh contains abundance of an interstitial mineral that is 
possibly maskelyTiite, whilst Bori as well as the Bilaspur fall contain what 
is probably apatite, a mineral but rarely rccordecf from meteorites. 

33. The work now being carried out in the (kmtral Provinces has 

raised once more the debatable (|ucstion of the 
The origin origin of the crystalline limestones, calciphyres 

fimestoiie*” calc-gneisses of India. Professor Judd in 1896 

advanced reasons for believing that the crystal- 
line limestones of Upper Burma were chemically formed from 
pre-existing pyroxenic gneisses.^ 

34. Dr. Fermor, in 1903, when studying the manganese ore 
deposits of the Chliindwara district, Central Provinces, examined incid- 
entally some of the numerous occurrences of calcareous rocks found 
in this region, and, in a paper published in 19062, advanced the 
hypothesis that the crystalline limestones of this area have resulted 
from the chemical alteration of pre-existing rocks containing an 
abundance of lime and magnesium silicates, and similar to or identical 
with the calc-gneisses (quartz-pyroxene-gneisses) with which the lime- 
stones are associated ; the agent l)y which the alteration was cfEected 
being presumably CO.^ in solution. These calc-gneisses are a curious 
banded series of graiiulitic rocks constituted of some or all of the 
following minerals — diopside, hornblende, quartz, labradorite, microcline, 
epidote, garnet, sphenc, zircon, ilmenite, and m{ignetitc, and in 
special cases scapolitc. In spite of the abundant felspar the obviously 
unusual chemical composition makes it difficult to regard them as 
formed from an igneous magma. For this reason Dr. Fermor in 

' Phil. Trans. Roy. Soc., London, Vol. 187 A. p. 205. 

* Rec. Geol. Surv. India XXXIII, pp. 108-171. 
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1909^ accepted these rocks as metamorphosed sediments but still 
supposed that the crystalline limestones had been derived from the 
calc-gneisses, and suggested that the CO^ which caused the change 
was a portion of that liberated during the conversion of the original 
impure calcareous sediments into calc-gneisses. The formation of 
the crystalline limestone was then supposed to be due to reversal 
of the reaction on alleviation of the })ressure conditions. In 1908 
Dr. A. W. G. Hleeclc^ in describing the occurrence of rubies in the 
Kachiri hills, Upper Burma, showed that the accessory minerals in 
the crystalline limestones of tluit region were probably introduced 
as the result of the piezo-contact inetamorphism of Weinschenk 
caused by intrusive granite. In 1913 Dr. Kerinor diirhig his geo- 
logical survey of the Ghliiiulwara district was able again to attack this 
problem in the field and majiped in the neighbourhood of Mohpani 
(2U il' ] 78° 57') and Nautal (21° 47' ; 78° 54') a largo number of 
irregular patches of marble envelojied in ortho-gneiss and torn to 
shreds by intrusive granites and pegmatites. Where the contact 
with the enclosing gneisses could be observed tliin shells of diopsidic 
granulitc were observed, and this, taken in conjunction with the 
presence of the fluorine-bearing rmneials chondrodite and phlogo- 
pite, was regarded as evidence of limited contact inetamorphic 
action produced by the enclosing ortho-gneiss. Later m the same 
year in a pa])er read before the 12th International Geological Congress 
at Toronto*^ Dr. Kerrnor aecejits as a more probable view that the calc- 
gneisses, calcipJiyres, and marldes, represent a lianded series of cal- 
careous sediments of various degrees of ])urii,y ; but at the same time 
in order to explain numerous cases of replacement of gneisses by 
calcite be repeats his liyiiothesis that the GO.^ liberated during the 
formation of the calciphyres and gneisses may have re-attacked these 
rocks on release of pressure. In January 1913, AV. L. Uglow, in 
“ A review of tJie existing liypothesis on the origin of the secondary 
silicate zones at the contacts of intrusives with limes! ones initiated 
a valuable discussion of the merits of the rival hypotheses to explain 
the formation of the silicate minerals in such me1amorphos(?d cal- 
careous rocks. According to one vset of views the formation of these 
minerals is due to the re-crystallization of the impurities in the ori- 
ginal sediments with later introduction of metallic and pneiimato- 

^ Mi‘m. (Uol. Surv. Jwfia, XXXVtl, p- 200. 

2 Bee. Oeoh Snrv. India ^ XXXVI, pi. 3. ]»■ 100. 

® 0. R. lie la XlIE Session, Canada, p. 273. 

* Econoviic Oeolcnnj.i VIII, f*- 10- .'>0. 
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lytic constituents ; according to the other, their presence in the 
metamorphosed rock is due to tlie direct contribution from the invading 
magma not only of the metallic constituents, but also of the material 
required for the formatioii of the silicates. ^ 

35. Mr. Burton in his progress report for 1912-13 gives a full 
account of the metamorphic calcareous series as developed in the 
Seoni district. He regards the crystalline limestones as derived 
from sedimentary limestones of various degrees of purity, and 
accepts the formation of mica, pyroxene, amphiboles, and chondrodite, 
as duo to the re-crystallisation of the original inipiirities in the 
limestone, with pneumatolytic addition of fluorine ; but the felspar 
in the quartz-pyroxene gneisses he regards as in part ot pneuma- 
tolytic origin. He thus favours in the main the re-crystallisation 
hypothesis. During the past season’s work (1913-14) Mr. Burton 
had the opportunity of devoting further attention to these 

calcareous rocks as developed in the Balaghat district. This led 
to an interesting dev(do)jment of ideas, so that whilst Mr. Burton 
still supposes that the calc silicate minerals of the calc-gneisses 
(calc-graniilites) were in part derived from original impurities in the 
calcareous sedimeiits, he lays stress on the fact that the predominant 
felspar is microcline with varying amounts of orthoclase, plagioclase 
being present only in small amount or altogether absent. He 

deduces that this microcline was derived from the associated ortho- 
gneisses during folding, when tlie latt(T became re-fused and attained 
the condition of an igneous magma contaijiing gases and pneumatolytic 
agents. The felspars both of the calc-gneiss and of the ortho-gneiss 
show quartz inclusions (quartz de corrosion), and this, Mr. liurton 
thinks, indicates that the calc-gneiss and the ortho-gneiss must liave 
crystallised under the same conditions of pressure, indicating that 
the calc-gneisses are really mixed gneisses which have re- crystallised 
under plutonic conditions.^ 

36. In his account of the manganese-ore deposits of India^ Dr. 
The origin of the gives a list of the rocks intrusive into 

kodurlte series, VIzaga- the rocks of the gondite series. These intru- 
sive rocks are all varieties of granite, pegma- 

^During the present field season (1914-15) Dr. Fermor has accepted Mr. Burton's 
idea that these rocks are mixed grudsscs, and both he (in Chhindwara) and Mr. Burton 
(in Balaghat) have arrived at the conclusion that the hybridism has, at least in part, 
been effected by the lit-jiar-Ut intnision of the calcareous rocks by an acid magma. 

In Chhindwara however, labradoritc is as abundant as microcline in the calc -gneisses, 

* flem. Qeol. Surv. India, XXXVII, p. 336. 
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tite, or lelspar-rock, and many of them carry in addition one or 
more manganese-bearing minerals, amongst which may be enumer- 
ated spessartite-garnet, blanfordite, juddite, brown manganese- 
pyroxene, a yellow manganese-amphibole, braunite, and greenovite, 
the manganesian variety of sphene. Since these acid intrusive rocks 
carry manganese-bearing minerals only where they pierce manga- 
nese-ore or associated gonditic rocks, it cannot be doubted that the 
manganese has been taken into solution from the invaded rock and 
incorporated in the intrusive whilst it was still in tlio molten condi- 
tion. These manganesian acid rocks must, therefore, be regarded as 
hybrids. The highly manganesian composition of the kodurite series 
of Vizagapatam, described by Dr. Fermor as igneous intrusive 
masses, which, by differentiation have resolved themselves into 
whole series of rocks ranging from ultra-basic to ultra-acid, has always 
been a matter of surprise. For it has been difRcult to understand 
how the ordinary processes of segregation within the Earth’s 
crust could have led to the development of a magma so high in 
manganese as the kodurite scries, which stands alone as a unique 
series amongst the rocks of the world as at present known. We 
have indeed, the remarkable ease in India of two series of rocks, each 
ricli in manganese, each characterised by an abundance of manganese- 
garnets, and yet one of them, the gondite series, undoubtedly a 
metamorj)hosed sedimentary series, and the other, the kodurite 
series, an intrusive igneous series. The relationship of these two 
series one to the other is unfortunately not at present known oving 
to our ignorance of the geology of certain tracts of country inter- 
vening betw^een tlie regions where the two series are respectively 
developed. Dr. Fermor now suggests that the kodurite -series may 
perchance be an example of hybridism on a large scale, in wdiich, 
instead of a small pegmatitic or granitic intrusive having taken up 
a small portion of an ore-body, as in the manganesian pegmatites 
intruded into the manganese deposits of the (^entral Provinces, 
a granitic intrusive of some magnitude has bodily assimilated 
entire manganese-ore deposits. It docs not follow’ that the con- 
stituents of the dissolved manganese -ore bodies became uniformly 
distributed throughout the magma ; each patch of koduritic rock 
as we now see it enshrouded in apatitic qiiartz-fclspar-rock may 
represent the approximate locus of one fragment of the incorporated 
Sore deposit, and the gradation from the ultra-basic garnet-rock in 
the centre, through basic kodurite, to acid kodurite at the periphery 

c 2 
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would then represent the results of the gradual diffusion of the dis- 
solved body of manganese-ore into the granitic magma. The apatite 
so characteristic of the kodurite series would probably have been 
supplied by the invading magma. This idea can of course, at present 
be regarded only as an interesting speculation needing for its con- 
firmation the discovery in the kodurite country of older sedimen- 
tary manganese-ore deposits or manganese-silicate-rocks. Such rocks 
have not yet been satisfactorily identified, but certain manganesc- 
pyroxenites, which arc closely associated with presumed meta- 
morphosed sediments (khondalites and calc-gneisses) at Tadiiru 
and Chintelavalsa,^ and which Dr. Fermor was not able satisfac- 
torily to connect with the kodurite series, may represent such sedi- 
mentary manganiferous layers modified peiiiaps by contact meta- 
morphism. 

37. Unfortunately very little analytical Avork has yet been carried 
out on the garnets of those two manganiferous series ; but such 
material as is available indicates that the garnets characterising the 
gondite series must be regarded as varieties of spessartite with a 
low percentage of lime ; Avhilst those cliaracteristic of the kodurite 
series, for which the name spandite has been suggested, carry a 
relatively high percentage of lime. If there be any truth in the 
idea that the kodurite masses are to be regarded as a product of 
hybridism, then the high lime contents of llie sjiandite will pro- 
bably be due not to the solvent magma having been rich in lime, 
but to calcareous rocks having beeji picked iij) along with the maijga- 
nese-ore body. Such rocks are seen in actual contact with the manga- 
nese-pyroxenites of Taduru and Cliintelavalsa, and xenolitlis of 
crystalline limestones are actually enclosed by the koduritic masses 
of the Kodur mine. 

38. Associated with some of tlie goiulitic ore bands of the Central 
Provinces w^e frequently find (especially where the country of the 
ore body is ortho-gneiss instead of the more customary mica-schist 
or quartzite) a small amount of spessartite-beariiig gneiss or of 
orthoclase or apatite-gondite. Such rocks are probably to be regarded 
as hybrids between the maugiiuiferous sediments and the enclo- 
sing ortho-gneiss, and it is to be noted that apatite-orthoclase- 
gondite is closely comparable with quartz-kodurite, each rock car- 
rying quartz, orthoclase, and apatite, but with different varieties of 
manganese-garnets. No analysis has yet been made of the manga- 

1 Mem. Oeol. Surv. India, XXXVTI, pp. 21, 22. 
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ueBC-garnefcs in the j^egnmtitic inirusives into the goiulite series, 
but in habit and colour they arc indistinguishable from the manga- 
nese-garnets in the gonditic rocks and thus are probably spess- 
artite. In his progress report for 1913-14 Mr. Burton attaches the 
name quartz-koduritc-])eginatite to a rock from the Netra mine, 
Balaghat district, but this term will only be strictly applicable if 
the garnet be high in lime. 

39. If future investigation should suppoit this idea that the kodu- 
rite rocks are really hybrids, it will introduce a pleasijig homoge- 
nity into the whole question. It will also suggest the possibility 
of correlating a |)ortion of the juanganiferous rocks and associated 
sediments of the Central Provinces with the manganese-))yroxenites 
of Taduru and Cihintelavalsa. and theii associated sediments, which 
are khondalites and calc-gneisses. Mr. Burton has already sug- 
gested the correlation of the calc-gneisses of the two legions on the 
basis of the associated sillinianitic rocks found both in Balagliat in 
the (Central Provinces and in the Vizagapalam district. 

40. While on study leave in iiuropo this summer Dr. W. A. K. 
Christie, besides making a study of the assaying inethodwS in use at 
the Royal Mint, London, was engaged chiefly in microchemical 

work during the siimnuu' session in the labo- 

M croc leinbfry. j*atory of Professor K. Kmicli at the Technischc 

Hochschulc of Craz, Austria, and during the autumn in, that of 
Professor N. Bchoorl at the University of Utrecht, Holland. 

41. At Graz tlic quantitative metliods worked out by F. Lmicli and 
J. Donau were studied in detail. "Die chief difliculties hitherto 
encountered in India in (juantitativc microchemical analysis have 
been the making and rejiair of the delicate apparatus required, 
more particularly in connection with the Nernst-Emicli microbalances 
of quartz fibre and the Donau platinum filters. The tcclinique of 
manufacture and manijndation having been acquired, attention was 
chiefly directed to such detenuiiiations as would be most useful 
from a niineralogical point of view, and latterly to iieAv methods for 
the micro-analysis of silicates, a subject on Avhieh, uj) till then no work 
had been done. The results obtained Avere distinctly encouraging. 

42. In Utrecht a study was made of the microchemical reactions 
and separations already worked out with systematic complete- 
ness by Professor Schoorl, and advantage was taken of the latter s 
wide experience in applying the methods to the analysis of com- 
plicated ores and rock-forming minerals. 
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43. The application of inicrochemical methods and particularly of 
quantitative ones, has hitherto been greatly neglected in geological 
work not only in India and a knowledge of them cannot fail to be of 
service in many instances where only minute quantities of material 
are available for investigation. 


PAL/EONTOLoaV. 


44. Dr. G. E. Pilgrim acted as Pala3ont()logist throughout the 

year, lie was engaged in the revision of the 
’ Siwalik Primates, including both the specimens 
on wliich the speci('.s Dri/opilhecus punjahicus 
Pilg., Sivapiihecus indims, Pilg. and Semnopithecus asnoti Pilg. were 
originally founded but with no more than a brief preliminary notice, 
as well as additional material obtained since 1910. 

45. The results of his examination are contained in a paper pub- 
lished in part 1 of the present volume of these llecords. A maxilla 
and upper teeth of the species Dryopithecus punjabicus have been 
described, and two new species of Dryopithecus established. A new 
genus, Palaeoswna, which Dr. Pilgrim considers ancestral to the 
Orang, has been described and the species Semnopithecus asnoti has 
provisionally been assigned to the African genus Cercopithecus. 
Several additional lower teeth and portions of the mandible of 
Sivapithecus have been discovered, which, iji the author's opinion 
display a decidedly human affinity. These, occurring as they do in a 
Miocene species, point to their owner being an early member of the 
Hominidae. 


indarctos and 
sopsatls. 


Dls" 


the Lower Siwaliks. 


46. Dr. Pilgrim has also written papers, published in the last 
volume of these Records, descriptive of a new 
genus of bear, Indarctos from the Middle Siwaliks, 
and of a new creodont genus, Dissopsalis, from 

The latter represents a curious survival in 
India of a type, which had become extinct elsewhere, its nearest 
relatives being found in Eocene genera of Europe and North America. 

47. The present part contains a paper by Dr. Pilgrim on two 

new genera of cats from the Lower and Middle 
Paramachaerodus^^ Siwaliks, Bivaelunis and Paramachaerodus. These 
are allied to species from Pikermi and Maragha 
and seem to afford evidence of a special line of development not 
hitherto rechgnized. 



Part 2.J 


General Report for 1914. 


lot 


48. Mr. G. de P. Cotter towards the end of the year announced 

the discovery in Burma of niainnialian remains 

maHa of BunSl! believes to correspond to the 

Pondaung Sandstone and to be of Upper 
Eocene age. If this proves correct these are the earliest reported 
land mammalia in Asia. 

49. Mr. Hallowes was deputed during last July to examine a 

bone deposit which was reported to occur in 

bey*neiir Kalka*^ neighbourhood of Kalka. Mr. Hallowes 

located it near Baddi, some 15 miles north- 
west of Kalka. The locality is known to Dr. Pilgrim, who assigns 
the beds to the Pinjor zone of the llj)per Shvaliks. Mr. Hallowes 
brought back a collection of mammalian remains, of which the most 
interesting are some teeth and vertel)ra‘, of Sirafhmtwi and a tooth 
of Equus. The latter genus has not pjeviously been recorded from 
this horizon, and Dr. Pilgrim sugg(‘sts that its occurreiiee here may 
make it necessary to shift these beds to a somewhat later i)osition 
in the geological scafe than had hitherto been suspected. 


50. Mr. E. W. Vrodenburg is still engaged on his description of 
the Oligocene and Mioceiie, mollusca of North- 

Tertiary iUollusca of West India, which, however, is now apruoach- 

Norfh-Wesf India. 

ijig completion. 


51. Amongst the fossils of the Spiti Shales, which were in the late 


Palaeontological work 
in Europe : Spiti Shales 
fosBlls 


Professor Ulilig’s liands, were a fc\v ammonites 
left undescribed by lliat author as well as the 
w'hole of the Brachiopoda . A memoir on those 


has now been j)iil)lislied by Miss Jhmla Steigc'r of Vienna as fascicle 
5 of the Fauna of the Spiti Shales, Bal. Indwa, series XV, Vol. IV. 
With the collection of the Geological Survey ol India she has 


included in her examination certain sjicciinens collected by the 
Brothers Schlagintweit and now in the Palmoiitologieal Museum of 
Munich. The ammonites belong to the genus Ferispfnnctcs. Amongst 
them are 11 new species, of which 0 are reierred to tJie subgenus 
Aulacosphinctes and 2 to tJie subgenus ]' ir(jafos])/irnct(\^. Some of 
these are, however, rather fragmentary. The Brachiopoda are poorlj" 
preserved, and Miss Steiger has referred tlicm to the groups of 
Rhynchonella latunosa Quenst., RhynchoncMa Irilobata Zeiten. and 
Rhynolmiella Asteriana D’Orb., merely suggesting their respective 
affinities, but without venturing actually to identify them with pre- 
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viously known species. The results of her exiiini nation aic in entire 
agreement with those obtained by Ulilig. 

52. Mr. F. R. Cowpcr Reed has completed a supplementary memoir 

Ordovician and Siiu- Ordovician and Silurian fossils col- 

riari oi Northern Shan lected in the Northern Shan States by Messrs. T. 

D. LaTouche, J. (^o^i^in Srown and others in 
the year 1904 — 07. This will be publislied very shortly. 

53. The species described not only augment the lists published in 
the author’s previous memoir of 1900 to the extent of rather more 
than 100 species, including one new lamellibranch genus, Shanina, and 
39 species which are new to science, but also provide evidence of a 
more complete stratigrajihical se(|uencc than was at first recog- 
nised. A more satisfactory correlation has beem icndercd possible 
by the discovery of well-kiioAvn European zone graptolites, and of 
other fossils showing allinitics to sp(‘cics of known geological horizons. 

64. As Mr. LaTouche had the advantage of Mr. Cowpcr Reed’s 
provisional determinations, the majority of the latt er’s stratigraphical 
results have been embodied in his memoir on tlio (Jeology of the 
Northern Shan States published in Mcui. (teol. Sarv. Ind.^ Vol. 
XXXIX, pt. 2 (1913). 

55. The faunal affinities of the Upper as well as of the Lower 
Naungkangyi beds are clearly shown to lie with the Ordovician of 
northern Europe and jiot with that of America. The whole facies of 
this fauna is different, both from that of the (Jentral Himalaya, of 
Tonkin and of Sze-chuan in China, but shows certain reseinl)lances to 
that collected by Mr. Coggiri Brown in Western Yunnan. Mr. Cowper 
Reed refers the Naungkangyis, both in their upper as well as in their 
lower portions, to the lower Ordovician. The fossils of the Ilwe 
Maung or Upper Naungkangyi beds of the eastern area indicate a 
slightly different age to those of the western area, but the palaeon- 
tological evidence is insufficient to decide which of the two is the 
older. The Panghsa pye beds are showm to be of Lower Llandovery 
age, and have equally a European stainj) in which they agree with 
beds of a similar age from the Central Himalayas. 

56. Mr. Cowper Reed has also com))letcd his description of the fos- 

sils collected by Mr. J. Coggin Brown from the 
Ordovician and Silu- Ordovician and Silurian beds of Western Yiinnan. 
rian of West Yunnan. published within the next few months. 

The results of Mr. Cowper Reed’s provisional determinations have already 
been made known in these Records in a short paper by Mr. J. Coggin 
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Brown, Records Geol Surv. India, XLlll, p. 327. Borne 70 species are 
described in addition to 25 species of graptolites identified by Miss Elies 
with previously known forms. Of these, 20 are new to science, including 
two new cystidean genera, Sinocuslis and Ococystis. The Ordovician 
fauna may be assigned to the lower portion of that system, though 
probably occurring at four or five slightly dilferent horizons. Like 
that of the Northern Shaji States, its affinities are with the North 
European rather than with the American type, and present an al- 
together different facies from the Ordovician fauna of Eastern Yun- 
nan and Tonkin described by MM. Mansuy and Deprat. His failure 
for the most part to recognize any species, which arc actually iden- 
tical wdth those of the Naungkangyi beds, inclines Mr. Cowper Reed 
to place them, however, on a slightly differcnit horizon. 'Plic fauna 
which most resembles that of the Northern Shan States is that found 
at Shihtien, which recalls that of Sedaw. 

57. The Silurian is represented only by the giuptolites from 
Shihtien, which Miss Elies regards as of Llandovery age, though of 
two horizons not fai' apart from one another, of which the higher 
belongs to the base ol the zone of Monoyrapius sedyeivicki, 

B8. A large memoir on the Namyau Brachiopoda of the Northern 

Sliau States by Mr. S. S Buckinan is drawing 

Namyau Bracliiopoda completion. A pjcliminaiy notice of this 

of Northern Shan States. r i ■ r ^ r i. i. 

memoir and a brief summary of its contents 

were published in part 1 ot the present volume of these Records. 

Its most strikijig feature seems to be a proposed new classification 

of the genera Rhynciwnella and Tercbratula, based on the internal 

characters as displayed by burning olf the test. The original genus 

Rhynchonella is sub-divided into 14 genera, and Tcrebralula into 

32. The Burmese species of Rhynchonella are about 40 in number 

and have for the most part been referred to the new genus Burmi- 

rhynchia, while the Terebratulids amount to some 20 species belonging 

to the genus Holcothyris. Mr. Buckinan considers that the beds are 

of Bathian age about the date of the great Oolite. 

59. Dr. A. Spitz’s description of the fossils from tlie Gieunial Sand- 
stone has been translated I)y Mr. Vredeuburg 
Fauna of the Gieunial ^nd published in Vol. XLIV, part 3 of the 

sandstone, etc., of Spitl. Uncords. The specimens described were 

originally collected by Stoliezka, Griesbach, Krafft, and Hayden. 
They include principally bivalves (mostly Cardium and Psevdotnono- 
tis\ mostly peculiar to this formation, and a few incomplete ammo- 
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nites (Astieria, Parahoplites, and Stoliczkaia). The fauna is too 
localised to allow a very definite determination of the age of the beds 
which may range from Upper Neocomian to Gault. 

60. Dr. Spitz has also described and figured the foraminifera from 
the overlying Chikkim Limestone of Spiti, including Nodosarm, Cris- 
tellaria, and Textularia, none of which, however, are of definite 
stratigraphical value. 

61. The paper finally contains a description of some fossils from 
Griesbach’s so-called Chikkim Limestone of Hundes (Mem. XXIII, 
p. 80) including Cucullwa, Astarie, and a belemnite related to B. 
Gerardi, which are evidently not of U})per Cretaceous age (the pro- 
bable age of the genuine (liikkim limestone), and may indicate the 
presence of an exotic block of Upper Jurassic or Lower Neocomian 
age. 

62. Messrs. Cossmaiin and Pissarro^s descriptfon of the lamelli- 

Upper RanlkoHainel. ’’raudis from the Upper Ranikot of Western 

llbranchs of Wealerii Sind, is bcinj» translated by Mr. E. W, Vreden- 
burg. When ready, it will be published in the 
PalcDontobgin Indica, and will complete the molluscan fauna of the 
Lower Eocene of Sind of which the Gastrofoda were published in 
Vol. ill, part 1 of the Palaontologia Indica (New Scries). 

63. As might be expected from the generally wider geographical 
distribution of bivalve molluscs as comj)ared with gastropods, the 
Hanikot lamellibranchs do not represent quite so isolated a fauna 
as the previously described gastropods. In addition to certain 
forms either previously described by d’vVrchiac and Haime, or newly 
established by Messrs. Oossmann and Pissarro, that are peculiar to 
Sind, several species j)reviously known from the Eocene of Egypt or 
Europe have also been recognised, such as Ostrea muUicmlata Desh., 
and 0. Pharaonum Oppenheim. 

64. A revision of Dr. P. M. Duncan’s types of the cchinoids of 

Echlnoids of the Bagh the Bagh beds by M. Eourtau has been received 

*’*'*^' and at present is in process of translation 

from the original French by Mr. G. H. Tipper. 

66. A description of Dr. H. H. Hayden’s collection of Cretaceous 
and Eocene fossils from Central Tibet by M. 

Cretaenu^; and Eocene Henri Douville has also been received. As the 
0 entra i e . translation of this, also by Mr. Tipper, is still in 

progress, the review of the contents is postponed till the next 
General Report. 
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ECONOMIC ENQUIRIES. 

Bauxite. 

66. In 1913, at the conclusion of his work in Korea State, Dr. 

Fcrmor visited Airiarkaiitak (3,500 foct), forming 

Ccntr” movhice^ culminating eastern peak of the main Satpura 

range, in order to ascertain whether this great 
height was due to a greater thickness of the Deccan Trap tlian usual 
or to the existence of a pre-Trap peak of crystalline rocks. On the 
way up the Ghat he found that the surface of the gneiss rose to a 
height increasing from 2,570 to 2,(360 feet, the lower portion being 
overlapped by a hundred feet of Talchir-like rocks. U(‘sting on the 
Talchirs, ‘‘ Lameta ” limestone was found through an elevation of 
90 feet, this excessive thickness indicating perhaps a continued rise 
of the underlying gneissic surface. This limestone was succeeded 
by about 670 feet of-’Deccan Trap lavas, capped by laterite. This 
was seen through a difference of elevation of 140 feet ; but as the 
laterite was obviously covering a rising surface of trap its actual 
thickness was much less than this figure, probably not more tlian 
65- -70 feet. Amongst the detritus obscuring the exposures on the 
Ghat road was a great abundance of fallen laterite blocks, many of 
which consisted of bauxite, oftejj pisolitic and apparently of the best 
quality. On the plateau of Amarkantak a considerable (|iiaiitity 
of bauxite of variable quality was noticed, and even the numerous 
temples congregated round the source of the sacred Narbada river 
were mostly constructed of this material. There is a considerable 
area of ground covered by laterite in this neiglibourliood, both in 
Rewah State and in the Mandla and Bilaspur districts, fkuitral 
Provinces ; and should a careful examination of these hills lead to 
the discovery of bauxite deposits of any size they might prove to be 
of ecomomic value ; for although the locality is somewhat remote, 
yet a good site for water power is close at hand. 

67. In 1912 Sub-Assistant M. Viuayak Rao discovered bauxite of 
good quality, on the Amagarh scarp seven miles south-east of Seoni 
town in the Seoai district ; this he further investigated the following 
year. No excavations have been made, but blocks of bauxite were 
txaced for about two miles and a representative block examined 
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in the Geological Survey laboratory gave the following results on 
analysis 
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68. In 1913 Mr. U. V. Burton, working to the south of Amagarh, dis- 
covered blocks of ])auxite in ferruginous laterite at many localities, 
e.g., Senduria, Anuitpani, Patrai, and west of Salai. Near Atarwani, 
still further to the soutli in the same district, Mr. Burton found a 
small hill containing a deposit of bauxite estimated to be twenty feet 
thick, and lying between beds of ferruginous laterite. Blocks of 
70 — 80 cubic feet in volume lie on the hill sides, but the area covered 
by the outcrop is small. The quality was apparently good. 


Coal. 

69. At the instance of the Clovcrnnieiit of Burma, Mr. J. Coggiii 

Brown during December examined the coaly 
Wetwln : Morthern material of Wetwin, 9 miles (as the crow flies) 

east of the Lashio branch of the Burma Kail* 
ways at Wetwin station. 

70. Mr. Brown Avas unable to determine wlicthcr the coal seams 
were comparable with those carbonaceous shales which are interbedded 
with the limestones belonging to the Plateau limestone (Devonian) 
of LaTouche (see Geology of the Northern Shan States, Mem. Geol. 
Surv. oj India, Vol. XXXTX, pt. 2, p. 255) or to the Tertiary strata 
of the Shan States and Upper Burma, to which latter it has a 
remarkable resemblance. The high dip of the strata is, however, 
against the latter interpretation, if the Shan States only be consid- 
ered, although in Southern Yunnan, according to the Indo-China 
geologists, exactly similar deposits often exhibit a steep dip. 

71. Three outcrops are described, all lying, as Mr. Brown thinks, at 
about the same horizon. The coal is a dull black colour, resembling 
carbonaceous shale. On exposure to the air it quickly crumbles to 
powder. Three carefully sampled lots of the material have been 
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assayed in the laboratory of the Geological Survey with the followin^^ 
results : — 
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In considering these analyses it is necessary to remember that they 
were all performed’ on exposed and weathered material, but, taken 
as a whole, they all show a high percentage of moisture and ash, 
and that preponderance of volatile matter over fixed carbon which 
is usually associated with the lignites or brown coals of Tertiary 
age. 

72. No estimates have been made of the total quantity of the coal 
available, as this could,.'not have been done without extensive opera- 
tions and possibly borings. Apparently tl\(^ coal has not been suc- 
cessful as a boiler fuel, and all the objections brought forward by 
LaTouche and Simpson to the Shan States coal (Rec. Geol Surv, 
of India, Vol. XXXITI, pt. 2, pp. 117, 125) apply with equal force 
to this Wcitwin material, and in addition there is the long lead to the 
railway over bad country. For these reasons, and because briquet- 
ting would be necessary, Mr. Brown thinks that the coal poss'^sses 
very little economic interest at the present time. 

73. The speculative question of the existence of ificropping coal 

measures in Western India beneath the cover- 

poM borlii De('can Trap (on the analogy of those 

beneath more recent foimations in Kent and 
Northern France) dates back to enquiries put before this 
department in 1907. Tlie matter came definitely to a head 
in June of the year under report by the forw’^arding to this 
department, by the Agent to the Great Indian Peninsula Railway, 
of certain correspondence with the Board, wherein Mr. F. L. G. Simp- 
son, Manager of the Mohpani Colliery, ])ut forward the specific 
localities of Kalyan, Bhusaval and Khandwa, as those at which he 
considered the overlying Deccan Trap might be thinner than else- 
where, and so be suitable for experimental borings in the hope of 
peaching coal at no greater depth than 250 feet. 
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74. The subject, in spite of its discoiiragingly problematical char- 
acter, was referred to Mr. C. S. Fox, who was more familiar with the 
geological conditions of this area than any one else in India at the time. 
His investigation of the geological literature of the subject iiylicated : — 

(1) that the deposition of the Gondwana coal-bearing rocks began 
in a series of isolated depressions, roughly arranged in definite lines ; 

(2) that a partly water-worn Tnoiintain chain stretched in an easterly 
direction across the Peninsula, corresponding with the present posi- 
tion of the Sat])ura range and its eastern extension , and (3) that this 
mountain chain had been breached in at least three places from north 
to south. The Narbada-Son- Himalaya group of basins lay to the 
north of the old mountain chain, the basins of the Damodar, the 
Mahanadi and tiie Wardha-(h)davari rivers crossed eastwards and 
south-eastwards througli th<' breaks in the chain. The coal-fields 
were formed at the thne wlnm the basins hafh probably become 
connected by large sluggish rivers winding their way outwards, 
west, oast and soiitli-east, from the high ground of the uplands over 
modern Mandla. Not till very latest Gondwana times, however, 
had the streams a continuous flow, connectir^g the central regions 
with the sea. The old basins were probably fault rifts, and at a later 
date when the volcanic eru]>tions of the Deccan Trap arrived, fur- 
ther movements along the fault planes appear to have taken place, 
in some cases preserving whole coal-fields within the limits of their 
original d eposition . 

75. The possibility of the existence of coal under the trap of the Bom- 
bay Presidency depends upon the existence of another line of Gond- 
wana basins under the traps. This seems a possibility in view of 
II. B. Medlicott’s opinion that the Satpura basins ahnost certainly 
had an outlet to the west. 

76. After considering the altitude and situation of various localities 
proposed for borings, Mr. Fox’s conclusions, with which I am in 
agreement, are summarised in the final paragraph of the note put 
up by him, in which he writes : — It will, I think, be a waste of 
time and money to sanction borings that are to be restricted to a 
depth of 250 feet. If the intention is to exploit the area in a purely 
experimental manner, then two borings of 1,000 feet each should 
be put down, one at Bhusawal or Dhulia and the other at Kalyan. 

In each case the whole operations must be treated in the spirit of 
sheer pioneer work. If a timid boring of 250 feet is all that can be 
considered, I have little hesitation in saying that it is not likely to 
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get through the traps, and very little information for future guidance 
will have been obtained ; whereas, a boring carried through the trap, 
even if it does not hit a coal scam at once, will give information that 
should definitely settle the prospects of finding coal under the trap 
of Western India.” 

77. It is to be hoped that this critical opinion of the proposals will 
not deter, but rather stimulate, the Hoard to sanction tlie deeper 
borings (proper care being taken of the cores brought uj)) for it cannot 
be denied that as regards Western India such trials will have to be 
made sooner or later in the interests of water, coal or both. 


Limestone. 

78. The demand for limestone for certain parts of Upper Assam has 

. long been a pressing one, owing to the scarcity 

Upper Assam. . , . i i v t,. . 

thoro 01 such (loposits. ^Jiiiuorous enquiries 

from time, to time have hoen received Ly tliis department fiom the 

Assam Government, the Kailway authorities and piivate firms 

regarding suitable stom for agricultural and building purposes, and 

one more readily accessible than that of the celel)ratod, but distant, 

Sylhet quarries. 

79. The majority of these enquiries centred round the locality of the 
Mikir Tfills, where Nummulitic limestone of the same formation as 
the Sylhet stone, has long been known. Finally this department was 
definitely asked by the Assam Government to depute an officer to 
make a detailed examination of the deposits of these hills, with the 
particular object of selecting a locality where a limestone industry 
would have the greatest prospects of success, and be favourably 
situated as regards the railway. At the end of October, 1 was able 
to depute Sub- Assistant M. Vinayak J^ao foi* tliis purpose before 
taking up his regular cold weather work. Notwithstanding the 
adverse climatic and other conditions he succeeded in selecting three 
localities in the Disboi Jan, Meyongdisa and between Borojan and 
Deopani, where a suitable quality and amount of the limestone could 
be best obtained. 

Manganese. 

80. In the course of his work in western Balaghat, Central Provinces, 

• Mr. Burton visited several manganese quarries 
, Central Provinces. collected notes about five deposits not 

described by Dr. Fermor in, his memoir on the subject, namely, Gola 
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Hurki,-Netra, Biahtekor, Biikoda, and Chibarghat nala, north-West 
of Budbuda, of which the last three had been abandoned owing 
to the poor quality of the ore. The ore bed at Oola Hurki and 
Netra is 15 ft. and 16 ft. thick respectively and carries a fair quan- 
tity of ore of good quality. A pegmatite at fiola Hurki contains well 
developed crystals of braunite, up to 2 inches in diameter, and 
often twinned. 

Potassium Salts. 

81. In July Dr. W. A. K. Christie, in the company of the Chief In- 
spector of Mines in India and the Assistant Commissioner, Northern 
India Salt Bevenuc Department, Khewra, visited the Prussian 
potash mines at Stassfurt to study the mineralogy of the deposits and 
the methods of mining employed, with a view to utilising the know- 
ledge gained in connection with the possible deyelopment of the 
potash deposits at KheWra and Nurpur in the Punjab Salt Range, 
the investigation of which formed the subject of a report already 
published in the Records in the year under review. The Prussian 
deposits differ markedly from those found in India. They are, of 
course, incomparably greater in extent, but mineralogically there is 
also a wide difference ; although both were probably similar at the 
time of their deposition, the Punjab deposits have been affected to 
amruch greater extent by therjiial inetaTnoiphism, so that carnallite, 
for instance, one of the chief products mined at Stassfurt, is uiiknown 
in India. 

82. Since the outbreak of wMr the subject has assumed an added 
importance, for the main sources of the World's supply - the deposits 
in Germany and Austria -have been cut off. Although no real 
potash famine has supervened, (diiefly owing to the reopening of 
many neglected sources in Europe and America, the possibility of the 
economical exploitation of tlie Indian deposits has been enhanced, 
and the subject i.s now engaging the attention of the (Jovernment 
of India. 

Road Metal. 

83. In July 1911 tlie Chairman of the Calcutta Corporation, after 

For Calcutta correspondence on the subject, asked for 

the services of au officer of this department to 
inspect certain localities within a reasonable distance of Calcutta, 
with a view to selecting quarries that w’'ould yield a suitable stone for 
foad metal for the Calcutta streets. The Corporation require4 
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about 20 lakhs of cubic feet per annum of stone for at least 20 years 
for this purpose, or in other words 40,000,000 cubic feet altogether ; 
and, for reasons connected with efficient breaking and screening, 
desired to acquire or lease a quarry in preference to the old method 
of giving out contracts from year to year for supplying the stone. 

84. Dr. Murray Stuart, who liad recently returned from deputation 
to Madras, was opportunely available, and was instructed to comply 
with this demand. During the latter part of August he inspected 12 
localities from which offers of leases had been made, ai d he eventually 
selected the hill of Deccan Trap called Malphari near Pakur intthe 
Sonthal Parganahs, as being the most suitalde, because it would allows 
a quarry to be excavated with a face of rock at wliicl* to work. 
Mention was also made in his report of other less desirable localities, 
where it was probable that a large supply of lioulders could be ob- 
tained, wdth the likelihood of solid rock being found a short distance 
below the surface, though there Was no jiroof of this and Water 
troubles Would be sure to occur in the rainy season. 

Water. 

85. Early in the cold-w^cather season of 1912-13 enquiries w^ere made 

^ ^ . of this department ))y the Sanitary lingincer 

Berar, Central Provinces. ^ i ^ i 

to the Central Provinces Hoverninent regard- 
ing the probabilities of obtaining a sup])ly of water from tube wells 
Blink in Berar and Nimar districts of the C’entral Provinces, where 
existing Wells were shallow, and rock cjicountered comparatively 
near the surface. In particular, our opinion was asked if there Was 
a reasonable chance of success if some trial borings were made wdth 
two or three hand-power diamond drills suitable for boring to a 
depth of about 250 feet. This began a correspondence which, early 
in the summer of 1914 resulted in my deputing Mr. C. S. Fox, wdio 
was geologically surveying the neighbouring districts of the Central 
Provinces, to visit the area at the close of his field season. Mr. Fox 
accordingly spent the latter part of April till the middle of May 
examining the w'ater-supply conditions in whal is known as the 
“ Saline Tract ” and neighbouring parts ot Akola district, Berar. 
A very full examination w^as made, and a detailed report sent in 
early in August. Mr. Fox’s results and conclusions tejuied to 
shatter the hope that deeper wells in the alluvium w-ould be likely to 
yield sweet water, or that still deeper wells piercing down into the 
trap rock Wouldj bs u matter of course, yield water under artesian 

P 
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or semi -artesian conditions. The procedure which he suggested 
was to utilise and systematise the present fresh water supplies as far 
as possible, supplementing them if necessary, from other sources 
drawn from the better watered northern tracts, and dwtributing 
the whole throughout the saline tract by pump and pipe. 

86. During the year reviewed a fresh impetus has been given to the 

„ ^ study of water questions in the Bombay Pre- 

Bombay. V 1 • 1 j- 

sidency. This subject, w^hich for many years 

in the past had been under consideration from time to time, came 
prominently forward in July 1912, when the Hubli municipality 
purchased a boring plant and proposed sinking to a deptl) of 1,000 
feet. Since then, in consequence of the activity of the Agricultural 
and Sanitary departments in the matter of well-boring operations 
for water in different parts of the Presidency, the ^Bombay Govern- 
ment in October of 1914 appointed a committee to examine the 
results already attained, with the object of laying down a poli(’y to 
be pursued in the future ; and they asked this department foj‘ the 
services of Mr. A. M. Heron (who is deputed annually to the 
Engineering College, Poona, for lecturing or geology) to advise the 
Committee on any points on wdiich they may require his assistance. 

87. As Mr. Heron w^as then in camp, carrying on his ordinary vokh 
Weather geological duties in Rajputana, he was only able to do so by 
correspondence. Mr. Heron, after referring to the kno^vn capa- 
bilities of the alluvium and Tertiary beds of Sind and Gujrat, and 
also possibly the gently folded strata of the Kaladgi and Bhima beds 
for retaining artesian w^ater, was unwilling to criticise the boring sites 
as recommended by the Committee without local knowledge and a 
careful personal exploration with the aid of large-scale geological 
maps. He also drew attention to the speculative nature of all deep 
borings in the Deccan Trap, either above or below the ghats, and as 
to the desirability of preserving the cores brought up for examina- 
tion by this Department. 

88. It may very well be that besides fissures in the Deccan Trap, 
water also finds its way along the separation planes of the 
different trap flows, owing to the presence of porous intertrappean 
beds. The partially confirmed success of the Hubli boring is also of 
considerable interest. Although the yield of water was not stated, 
the fact that in a 300 feet boring water rose to within a few feet of the 
surface and recovered rapidly at 20 feet below that surface, seema to 
show that it may be necessary to jrevise our notiocts as regards the 



Part 2.] 


General Report, for 7914. 


119 


steeply folded Dharwar rooks being too compact and impervious for 
the free passage of Water and for artesian or semi-artesian condi- 
tions to exist. 

89. At the request of the Public Works Department of Bihar and 

Ranchi Orissa, Mr. C. S. Fox in May proceeded also 

to Eanchi to report on the Water-supply of the 
new Central Lunatic Asylum ait Kanke, 4 miles north of Banchi. 
For this investigation he was well-qualified by his previous experience 
of water questions in that locality during tlie preceding year, when 
in a very full report he had made various suggestions for deepening 
wells, increasing their yield by tmvnels and a filter-crib in the bed 
of the Doranda stream, and for a small storage supply, in order to 
meet the increased demand of a growing town. 

90. In the, present enquiry 00,000 gallons daily were required to be 
assured. His suggestions for a reservoir, tube-wells and filter-cribs 
in the, stream beds, were considered by him sufficient for the purpose. 
But. whatever the source or sources finally adopted, Mr. Fox re- 
commended that the water should be supplied to the Asylum thi'ough 
small reservoirs to meet any sudden demand, such as from fire, and 
that aero-motois should be used to work the pumps in the wells. 

91. It would .«eem from the above e.xamples that the question of 

well water is one which is becoming a pressing one 
The general que.-tion. nraiiv of the rather dry and well populated 

areas in India. In view of this, and of the undoubted fact that 
much obscurity still envelopes the problems of underground springs 
and water-.saturated zones, it mav' be advisable, in a future field 
programme (as suggested by my predecessor) to detail an officer 
to exhaustively examine the whole general question during one or 
more field seasons. This would not only conduce to a more 
scientific and complete settlement of the immediate question, but, 
incidentally, by the examination of the cores brought up by 
drilling, would be fruitful in geological and other data. 


Engineering. 

92. Early in May Mr. R. C. Burton was deputed to Darjeeling to 
make a geological survey of the Happy a ey 
Darleeling Landslips, in continuation of similar in- 

vestigations made in previous years by Dr. Hayden and Dr. 
Furnished, with a topographical map on the scale o " * 
mile and showing 10 feet contours, which had meanwhile been com- 

D 2 
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pleted down to the base of the slips, Mr. Burton was able to bring 
the geological examination of this area to an entirely satisfactory 
conclusion. He submitted a copy of the map with details inserted 
on it showing the structural condition of the rock, whether shat- 
tered or firm, the dip of the bedding and foliation planes, aivi the 
direction and localities of the folds and faults, cracks and fissures, 
traversing it. A descriptive account, supplementary to those of 
Dr. Hayden and Ur. Ferinor, and embodying siiggestioiis for pro- 
tective measures, accompanied the map and was well illustrated by 
sections and photographs. 

93. Whether or not the particular protective suggestions made by 
the (Tcological Survey, and which were aftervvanU discussed at a 
meeting of the Darjeeling Safety (Jomniiltee, be finally accepted 
by the (irovernment of Bengal, there can be no doubt tliat the 
completion of this structure map marks a step forward in the inves^ 
tigation of the Happy Valley slips. 


GEOLOGICAL SURVEYS. 


Bombay, Central India and Rajputana. 


94. Mr. MicIdlo.niiKS roniaiuod in cliar<r(> of tlio party at work in 
Messrs. C. S. Middle- ^liosc areas, but did not himsedf tako tlio field, 
miss, H. C. Jones, A. M. Tlio nMiiainin*' members of tlio party, as noted 

Heron and IS. D. Darn, jiiargin, are the .same as those of last 


year. 

95. Mr. H. C. Jones continued the survey of the Nimbahcra 
Mr H C. Jones, I^i^frict of Took State;, which he began in the 

Ninbahera District, j)resent writer’s company towards the end of the 
Tonk State. previous season. The area worked lies between 

lat. 24° 25' and 24° 45' and long. 74° 18' and 74° 51' and is included 
in the 1* to 1 mile Standard Sheets, Nos. 172, 173, 205 and 206 of the 
Central India and Rajputana Topographical Survey. 

96. As noted in the last General Report this area i.s broken up by 
large patches of territory belonging to Udaipur State in which work 
cannot he carried on at present and large tracts of the area are covered 
with alluvium. These combined with the disturbance caused by 
the intrusion of granite and basic dykes, makes the interpretation 
of the geology of the older roclcs difficult. The area gone over 
rapidly by Mr. Jones and myself last season, together with the 
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surrounding area was mapped by Mr. Jones in detail, and the general 
results once more confirm those made last season, that tln'rc is'^a con- 
tinuous sequence of Vindhyan rocks stretclnng conformably down- 
wards from the Kaimur sandstone, through the Suket shale, slabby 
limestone, purple shales and grits with tlie boidder bed near Binota 
at the base. 

97. The geology to the south and west of the area is much 
more complicated, but there seems to be no doubt tliat Hacket’s views 
of two older series is correct.— (1) the massive quartzites mapi)ed 
by liijii as Delhis and (2) the schists, phyllitcs, sluiles, siliceous 
limestones and thin bands of quartzite, which he has mapped as 
Aravallis. 

98. These massive quartzites, which occur as long ridges strikij^y 

and often dipping in a similar manner to the Aravalh rocks, in 
j)laces appear, owing to folding, to be interbedded with thejn, but in 
several places where the rocks have b(‘eji cut across by strc'am.s, 

undoubted unconformities are seen. Th(‘S(' (juarfzites an* more of 

the nature of a hard sandstone than a (piartzito and the oldest beds 
are usually congloiucratic in character. 

99. Near the centre of the area tlie Aravalli rocks aie intrude, d 

by a mass of granite and also by basic dykes, and in the extreme 

south-west of the area l)y granite veins. West of th(‘ granite, whicli 
runs in a roughly north and south din‘Ction through Pirid. these 
Aravalli rocks are fairly well delined, Th(‘y strike in a nortli-uortli- 
west direction but near’ the granite they arc [lencfj’atcd and disturbed 
by it, and are therefore somewhat confused. Working from it in a 
westerly direction there is a fairly well marked sef[uence from red- 
jiurple shale jiassing up into dark grey shales and pliylhtes, above 
which come chJoritic schists. Then comes a band of gneiss, which is 
followed to the west by typical Aravalli schists, — at lirst dark mica 
schists, with occasional thin bands of hoinblcrule, (puirtz and 
chlorite schists. Towards tlie west, the mica schist becomes full of 
small garnets, and still further to the west it contains excelhmt 
ci’vstals of staurolite and chiastolite with some kvanite. liotli the 
schists and the gneiss contain granite and ([uartz veins. IJctweeri 
the shales and tlie phyllitcs noted above there is sometimes a band of 
fawn-coloured siliceous limestone. This varies considerably both 
in character and thickness and in parts s(‘ems to be entirely absent. 
It is largely covered and is much disturbed and cut u]) by the 
granite. 
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j[ioo. The gneiss, which appears to be a paragneiss, is very much 
crushed and altered. It is penetrated by numerous granite veins, 
which have also suffered from crushing, and which are probably of 
the same age as the granite near Pind. 

101. The relationship of the rocks which outcrop between the 
granite and the Vindhyan boundary to the east is still doubtful and 
will probably remain so until the adjoining area of Udaipur State 
can be taken in hand. 

102. The granite seldom makes any surface feature and is almost 
always covered with soil and alluvium. It is occasionally seen in 
river beds, and at the foot of the quartzite hills, where it has been 
protected by the harder rock. It is sometimes seen as small veins 
and veinlets running in all directions through the Aravalli rocks, 
but, with the exception of being brokejj up, no luetamorphic action 
seems to have taken place. The rock is usually ^of a pink colour, 
containing very little ferro-magnesian minerals, and practically 
none of the accessory minerals commonly found in granites. A 
peculiar pinite granite occurs in parts and is similar to a rock found 
by the writer in Idar State. 

103. Kunning roughly through the centre of the area in a north 
and south direction is a large basic dyke, which in parts seems to 
have spread out as a sill or flow. The rock is a coarse crystalline 
dolerite, but near the edges it becomes very fine grained and almost 
glassy in appearance. The dyke is of later age than the Aravallis 
and the granite, but its relation to the massive quartzites was jjot seen. 
Very little metamorphic action seems to have taken place between the 
dolerite and the Aravalli rocks, but near its junction with the lime- 
stone, south of Pind, it is associated with a vein of yellow green 
epidote, quartz and reddish idocrase. Where this large l^asic dyke 
is seen in contact with the granite a peculiar hybrid rock sometimes. 
occuiR, — there appears to have been a partial refusion of the granite, 
resulting in an intermixture of the granite and dolerite. The re- 
sulting rock, which has characters between the two, often shows 
remains of the ophitic structure of the dolerite, whilst there is also 
a micro-graphic intergrowth of the quartz and felspar. 

104. Copper pyrites in small quantity was noted at several places 
in the schists, and a little galena was found in a thin band of Aravalli 
chert near Chikara, but with the exception of the flaggy limestone 
noted last season nothing of special economic importance was 
found. 
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105. Mr. Heron spent the earJy portion of last cold weather in 

Mr. A. M. Heron : examining sundry jnineral occurrences which 

Jaipur, Karaull, Kotah have already been noticed in last year’s (jicneral 
and Tonk. Eeport. His survey proper in the States noted 

in the margin was included within the 1"-1 mile Standard Sheets 
of the Central India and Rajputana Survey, Nos. 291 to 294 318 to 
321 and 341 to 343. Of these Nos. 291, 292, 293, 318, 319 and 341 
have now been completely geologically surveyed. 

106. Mr. Heron found the rock series to be composed of {a) 
Aravallis and (6) dark foliated granite or gneiss of unknown age. The 
Aravallis (a) build isolated hills and consist of cpiartzite and mica 
schist, obscurely stratified, dipping irregularly and very higlily 
altered. They contain numerous masses of intrusive granite iden- 
tical with that already mapped by Mr. HeroJi as intrusive in the 
Delhis in Alwar and north Jaipur. It is very distinctly foliated in a 
direction coincident with that of the folding. There are also more 
recent veins of coarse tourmaline pegmatite, cutting through the 
granite, and which is never foliated. The hill at Koharsina (lat. 260'’ 
54', long. 75^ 4') exposes much schistose conglomerate unconfor- 
mably overlying the Aravallis and which Mr. Heron thinks may be 
of Delhi age, though he was unable to settle this. 

107. The dark foliated granite (6) found iji the neighbourhood 
of Sakuri (lat. 26^ 42' long. 75° 8') is the same as that doscribod by 
Mr. Heron in 1911-12, beijig very dark, micaceous, strongly foliated 
and visibly porphyritic or augen- bearing, the foliation planes being 
almost horizontal. It is traversed by pegmatite veins, quartz vem& 
and by trap sills, the latter parallel with the foliation. A hint of its 
relative age is given by a small exposure just south of Asilpur Station 
(lat. 20° 54', long. 75° 28') where a very black micaceous augen 
gneiss, resembling the above, is iutrusjve in quartzite. 'Hie augen 
phenocr}n^ts of pink felspar are so evenly arranged in straight lines 
with the foliation that the rock can be spilt into Hags. Veins of 
normal pegmatite traverse it and also the quartzite. 

108. Mr. Heron has included the work outlined above in a paper, 
which has been submitted for the Records, entitled “ The Geology 
of Dholpur, Karauli and Southern Jaipur.’’ 

109. Mr., Darn completed the survey of Smith State, Rewa Kantha 
Mr N D Daru • Agency, part of w^hich he had already surveyed 

Sunth, Banswara and in 1912-13. Mr. Daru describes the whole 
Dungarpur. practically occupied by schist-like 
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phyllites underlying massive quartzite, which in turn is overlain by 
phyllites. These three are said to be conformable. The lower or 
schistose phyllites often contain large proportions of quartz and 
hornblende, and, while the upper phyllites also at times have simi- 
lar bands, they are generally argillaceous and include a fe^ bands of 
quartzite. They are disposed in highly dipping anticlinal ridges. 
In the north-east parts of Sunth, and extending into Banswara State, 
there is a very soft, coarse sandstone, coarsely conglomeratic at the 
base, uncomformably overlying the phyllites, and having almost 
certainly the structure of a synclinal trough. Its age is uncertain, 
but as none of the pebbles appear to be derived from the neighbour- 
ing Bagh beds or Deccan Traj), but consist of quartzite and its 
associates, the soft coarse sandstone uiay be older thaii the latter. 

On the south-east and east boundary of the State the Bagh 
calcareous conglomerate, 20 to 50 feet thick, (ornjs a horizontal ele- 
vated platform on which ap{)ear hillocks and ridges of Deccan Trap. 
No minerals of economic importance have beeu' met with. 

110. Towards the end of the cold-weather season, in March and 
April of 1914, Mr, Darn revised certain portions of Banswara and 
Dungarpur States. The results lie proj)oses to embody in a connected 
report on the whole, which he is now j)repari]ig. 


Burma. 


111. The Burma party cojisisted of Messrs. G. H. Tipper, G. de P, 
Cotter, H. S. Bioii, and M. K. Ky. 8ethu Rama Rau, Sub-Assistant. 

112. Mr. Tipper, who was placed in charge of the party, visited 
Yenangyaung, the Minbu-Ngape section, tlie Yaw river (in company 


Mr. G. H. Tipper. 


with the Director and Mr. Cotter), Ngah- 
laingdwun, and the Sinbaungwe toAvnship. 


113. Mr. Cotter continued the systematic survey of the Pauk town- 


Mr. G. de P. Cotter. 


ship and the Saw^ township, Pakokku district. 
Part of the field season was devoted to an 


investigation of certain coal scams discovered by him in tin's neigh- 
bourhood ; the results of this have been published in the Records, 
Vol. XLIV, part 3. At the end of the season he made a traverse in 
the Pakokku hill-tracts as far as Kanpctlet (sheets 84 K, 3, 4, 6, 7, 10 
Burma Survey). 

114. Mr. H. S. Bion w^orked in the Saw and Salin subdivisions 
of the Minbu and Pakokku districts (sheets 84 L 
Mr.H.S.Bion. i, 5 , 6, K 4, 8, Burma Survey). 
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115. The area investigated by these two olficers forms a long 

Area Investigated. undulating country comprising the foot- 

hills of the Arrakan Yomah between latitudes 
20' 30" and 21' 45" and running north and south parallel to, and east of 
the main range. ’ 

116. In this tract the structure is in general a normal sequence 

Structure. Tertiary beds dipiiiug towards the east below 

the Irrawaddi sandstones and faulted against the 
older rocks of unknown age composing the main range of tlic 
Arrakan Yomah. This sequence is broken by asymmetric anticlines 
with their corresponding synclines near Ngahlaingdwin (94°22"4(r • 
20° 4r 15") and. at the Yaw river (94° 21" ; 21° 17'). The asymmetry 
is on the western flank and associated with it is reversed faulting. 
In the case of the Ngahlaingdwin anticline the reversed fault, 
after running north for some distance as a strike fault, curves 
round and probably dies out as a dip fault near Saw. 

117. The principal results of the joint work of Messrs, ('otter and 
Bion may be thus briefly indicated ; — 

(1) The recognition that the Tertiary series of strata under ly- 

„ . , , , „ ing the Irrawaddi sandstones is more extensive 

than was formerly thouglit to be the case. At 
present no definite estimate can be given of the thick- 
ness, but it is probably approximately 24,()0() feet. 
The series consists of alternations of sandstones, shales 
and clays, the basal member lieing composed of conglo- 
merates and ashy sandstom^s. It shows no uncon- 
formable break. The lithological resemblance between 
the different shale and clay bands is very striking. 
Local names have been adopted temporarily for many 
of the divisions and further work will show how far 
these are capable of wider adaptation. 

(2) Traced from south to north, there is a gradual change from 

marine to fluviatile and estuarine conditions. Clay 
bands which arc prominent in the neighbourhood of 
Ngahlaingdwin have become sands in the region of the 
Yaw river and are indistinguishable from the overly- 
ing sandstones. As a consequence of this lithological 
cbS'nge, the faunal and lithological subdivisions are not 
in agreement from south to north. It is quite clear 
that the gulf, in which it may be assumed this series 
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of beds was laid down, silted up at an earlier period 
in the north, the shallow water beds of the north thus 
being contemporaneous with deeper water deposits 
further to the south. 

(3) The Red Bed,” usually taken as the boundary between 

the Irrawaddi sandstone and the underlying forma- 
tion, and which has proved of such value in unravel- 
ling the stratigraphy of the oilfields, is not of tlie same 
age throughout. The Red Bed ” no doubt represents 
an old land surface and as such indicates an interruption 
of sedimentation, but such conditions were established 
at an earlier date in the north than in the south. 

(4) It is not possible at present to say definitely the limits of 

age represented by this series of beds. Fossils occur 
at many horizons, but the collections have not yet 
been completely studied. A few fossils collected by 
Mr. Cotter on his traverse to Kanpetlet seem to indi- 
cate an upper Cretaceous age for the lowest beds. 


118. In the course of his survey, Mr. Cotter found a very good 


Irrawaddi sandstone. 


bone bed near the village of Chaingzauk (sheet 84 
K. 10). The remains, chiefly teeth, have been 


identified by Dr. G. E. Pilgrim, and include 


Slefjodon clifti (molars). 

Sus giganteus. 

Hiy'pofotamus sp. cf. irracaticus (niolars). 

Rhinoceros sp. cf. simlensis, 

Anvphihos sp. 

A large antelope allied to Hippotragus. 

Teeth and horn cores representing a new genus of antelope 
allied to Boselaphus. 

119. The Irrawaddi river, the 8alin chaung and the Yaw river have 

all in recent times changed their courses as 

Recent river changes. indicated by the distribution of the older 

river gravels. In the case of the Salin chaung the course has 
been greatly lengthened by the change. 

120. Bub-Assistant Sethu Rama Rau was engaged during the 

earlier part of the field season in mapping the 
Sub-Assistant Sefhu Tertiary beds of the Sinbaungwe and Allanmyo 

Rama Rau. townships of the Thayetmyo district (sheet 

No. 158 Burma Survey). 
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(ivneiud Ihpurt jor 1014. 

121. The major part of this area is occupied by rocks of the 

Pegu Series. series folded into three approximately 

parallel anticlines and synclines running in a 
N. W., S. hi. diiC/Ction. Local folding and crumpling accompanied 
by faulting are common. On lithological grounds Sub- Assistant Sethu 
Rama Rau thinks it is possible to make four sub-divisions in this 
area. It has not been possible to correlate these with any of the 
sub-divisions established in the north as, although the beds are fossili- 
ferous, the collectioi\s made were lost in a village lire. Except on 
the banks of the Iirawaddi and in some of the stream-beds, exposures 
are everywhere poor, the rocks being concealed under a thick alluvial 
covering. 

122. The Irrawaddi sandstones and the more recent formations 
present no b^aiures of intenvst.. 

123. In the latter |)art of the season. Sub- Assistant Sethu Rama 
l{au was engaged in assisting Mr. Cottiu* in opening u|) coal-seams 
j!i the neiglibonrhood of the Vaw' rivei, Pakokku district and in 
collecting fossils from the lower 'rerliary beds of itie same district. 


Central Provinces. 


121. Th(‘ (Central Provinces party during tln^ year consisted as 
befoie of l)i*. L. L Eernior, Messrs. i\. Walker, 
('. S. Pox, R, ('. Burton, and Sub- Assistant 
Al. Vinayak Rao, of whom Dr. Permor and 
Mr. Walker were absent on leave in Europe 
during the Held season of 1913-11, but returned to the pairy in 
November. Mr. K, A. K. Jlallowes avhs then also attached to the 
party for tlm ensuing Held season, being deputed tithe Alandla dis- 
trict. 


Dr. L. L. rennur, 
Me . 51 - . H. Walker, C. S. 
Pox, R. C. Burton and 
M. Vinayak Rao. 


125. During part.s of November and December Dr. Permor visited 
Messrs. Burton and Hallow es in the field, 
' Inspec- examining w ith Mr. Burton some of the in- 
teresting features in western Balaghat eluci- 
dated by the latter during the previous field season, particularly 
the relationships of Air. Burton’s Sonavvani series to the Chilpi Ghat 
series, and the sedimentary and crush-conglomcrates bounding 
the south-eastern margin of the Chilpi outcrop in this region, as seen 
at Kaspur Tola and other localities. The undoubted aiitoclastic 
character of some of these conglomerates led Dr. Fermor to re- 
examine the rock underlying the Balaghat manganese-ore deposit, 
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which he had previously described as a schistose conglomeratic 
grit, and to agree that it also must be regarded as an autoclastic 
rock. These crush conglojyierates consist now almost entirely of 
sericite and quartz, but every stage of the transition from fcls- 
pathic gneisses can be traced. • 

126. In his visit to Mr. Hallowes in the Mandla district, a com- 
mencement was made in the detailed mapping of an area of Deccan 
Trap lava flows in the north-western portion of the Mandla district. 
Heven flows were idejitified, of which the middle five had an average 
thickness of 98 feet. A system of faulting wdth small throws up to 
about 30 feet was also detected ; and, in the Balein Nadi, a nearly 
circular patch of volcanic agglomerate, 25'xl7', strongly sugges- 
tive of a small volcanic plug, was detected in a water-worn ex- 
posure of the second flow^ from the base. 

127. The work in the Oiitral Provinces is leading eto the discovery 
of a surprisijig number of cases of faulting of post-Deccan Trap 
age. Early in 1913 Mr. Burton discovered a case, near Alesur in 
the Sconi district, of the preservation by block faulting, with a down- 
throw of 40 — 50 feet, of a strip of Deccan Trap resting on gneiss. 
In the same year Messrs. Fermor and Fox, whilst revising their 
map of the Deccan Trap lava flows in the Linga area, detected 
a small fault wntli a throw of about 50 feet and found indications 
of other faults, whilst in the j)ast field season Mr. Fox discovered 
nunieious examples of faulting of post-Deccan Trap age, in 
Northern Clihindwara. Dr. Fermor now reports the discovery near 
Utekata in the Chhindwara district of a spindle-shaped strip of 
Deccan Trap, about two miles long and three-quarters of a mile 
wide in the middle, and resting on biotite-gneiss and calc-gneiss, 
that has been let dowm 250 feet by block-faulting. The faulted 
block is itself much faulted by a system of smaller faults with 
throws of 15 — 30 feet. The majority of faults referred to above 
have strikes lying between E. 30'’N. and E. 30°S. This suggests the 
possibility that to a certain extent the i^resent elevation of the 
Satpura range above the plains to the north and south may be 
due to a system of block-faulting of post-Deccan Trap age. Mr. 
Burton also deduces the existence of block- faulting of compara- 
tively recent age from a study of numerous small hanging valleys 
on the southern edge of the Satpuras in the Sconi district. 

A fine example of such a hanging valley is also afforded by the 
Nakta nala in the Chhindwara district. P^rorn a study of the 
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base of the Deccan Trap on the two sides of the Kanhan valley 
from Ramakona southwards in the Saiisar Tahsil, Ohhindwara 
district, Dr. Fermor deduces tliai this valley must lie aloiifr a fault 

of approximate N. N. W. strike with a down-throw of about 2r>0 

feet to the west. 

128. Mr. C. S. Fox continued his survey of the Cliliindwara 

district, working as before in the Chhindwara 

JWnC.S. Fox : Clihind- Jagir Tahsils. In the previous year Mr. Fox 

had divided the Archaean crystallines into three 
main zones : — (1) a zone of acid ortho-gneisses lying to the south of the 
latitude of Lawaghogri ; (2) a zone of gneisses and schists of obscure 
origin lying between the latitudes of Lawaghogri and Ohliindwara ; 
and (.3) a belt of intrusive porphyritic and fine-grained granites run- 
ning through (.'hliindwara town. This season’s work has led to the 
discovery of a fourth large group of rocks, namely a considerable 
area of metamorphosed sediments of Dharwarian facies, composed of 
grits, quartzites, phyllites, and flags, and exposed around Bliatoria 
and along the soutlwn edge of the Chhindwara coal fields. These 
sediments are intruded not only by the Chhindwara granitic batho- 
lith, but their strike is also interiu])ted by two smaller batholiths 
of similar nature, named by Mr. Fox the Raini and Kunkal 
batholiths after jieaks rising to 2,980 and 2,905 feet respectively, 
which are the highest summits yet detected amongst the Archaea?! 
exjmsures of this district. Mr. Fox’s majiping shows beautifully 
the way in which these granitic batholiths have modified the 
strikes of the ancient sediments. Since wuth increasing intensity 
of metamorjdiism the rocks of Dharwarian facies are seen to fiass 
into the rocks of the second zone referred to above, these latter 
are now regarded by Mr, Fox as para-gneisses. Great masses of 
intrusive basic rocks have also been mapped. I’hey are olde • 
than the granitic batholiths and intrusive with reference to all the 
other crystalline rocks. They are now mostly in the form of epi- 
diorites and amphibolites, and were introduced as dykes and 
sills of dolerite and gabbro, sometimes carrying olivine, remnants 
of the original pyroxenic rocks being sometimes found. Instead 
of the characteristic alteration into amphibole, the pyroxene has 
occasionally been changed to biotite, as near the village of 
Gorakpur (22‘^6' — 78°37'). The amphibolites, where subjected to 
intense shearing pressure, have sometimes become garnetiterous. 
Mr. Fox also describes a case near the village of Mankughati 
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(22°7' — 78°32') in which a band of amphibolite has been marginally 
converted into crystalline limestone. 

129. Mr. Fox also extended his survey through the Jagir country 
along the Chhindwara-Narsinghpur road to the northern' margin 
of the district, this route lying for the most part on Deccan Trap ; 
but in the northern corner of the district the Rhakar and Hard 
rivers have cut through the Trap and exposed the underlying Gond- 
wana beds of Jabalpur age. These Gondwanas are pierced by 
dykes of olivine-dolerite, and a great intrusive sheet of the same rock, 
which shows the effects of repeated post-Trappean step-faulting. 
In the high tracts of Deccan Trap lying between these Gondwana 
outcrops and the latitude of Amarwara to the s(mth, Mr. Fox 
estimates the existence of 1,200-1,500 feet of lava, with the complete 
absence of fosvsiliferous Intertrappeans. South of^ the latitude of 
Amarwara and Singori the Deccan Trap Jiever exceeds abrjiit 500 
feet in thickness, and is built up of seven to eight flovs vvitii one 
to three fossiliferous Intertrappean horizons. Mr. Fox suggests that 
the upper part of the Jagir traps corresponds with the middle tra])s 
of the classification given on page 262 of the Manual of Geology 
of India (2nd Edition), and that there was either an overlap of the 
flows from south to north, or that the granite ridge formed by the 
three batholiths already mentioned sharply separates the two 
areas. The belt of Gondwana rocks undeTl\5ng the Jagir traps, 
and which are exposed as the Ghhindwara coal fields along the 
Bouthern edge of these traps, has, according to Mr. Fox, been pre- 
served by trough faulting ; and in considering the possible e.xtension 
of the Gondwanas to the east Mr. Fox thinks that there is little doubt 
that the upper Gondwanas are continuous under the trap eastward 
to Jabalpur. The cpiestion of the extension of the Gondwana rocks 
under the Deccan Trap of Western India is considered on page 114. 

130. During the season 1913-14 Mr. R. C. Burton completed 
the survey of those portions of the Reoni district allotted to him, 
thus, with Sub- Assistant Vinayak Rao, (‘ompleting the survey of this 
district. As in the previous season, the chief formations examined 
were laterite, Deccan Trap, and Archaean gneisses and metamor- 
phosed sediments, the results being a continuation of those of the 
previous season. In the northern parts of 
Seonli' and %fl?aghat ' district Mr. Burton records eight Tnter- 

trappean horizons, which, if really distinct, in- 
dicate the presence of nine flows of trap, with a total thickness of 
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776 feet, and an average thickness for the lower eight flows of 92 feet ■ 
but in view of the existence of block faulting in the Satpuras, the 
above figures may require some modification. Mr. Buiton des- 
cribes some interesting cases of amphibolites passing into hornblende- 
gneiss, apparently by absorption of quartz from the associated 
older granite. 

131. From the classificatory point of view the geological survey 
of the Balaghat district will probably prove to be of critical 
importance in the establishment of the true sequence of Archaean 
formations of the Central Provin(‘e.s. West of tlie Wainganga are 
the alluvial plains of the Katangi-Waraseoni area of western Balaghat, 
fringed on the north by the foot-hills of the main Satpiira range ; 
whilst t-o the east of this river lies a hilly plateau tract, forming a 
poutlnvarcl projecting spur of the main Satpura range and known 
as the Maikal range. This spur has an average elevation of about 
2,000 feet and forms the natural continuation on the strike of the 
highly meiamorphosed Archa3aii gneisses and sediments constitu- 
ting the 1,000 feet Nagpur- Balaghat plain ; and as it contains the 
same formations in a less metamorphosed form it wdll probably 
afford better material for the deciphering of the stratigraphical 
succession. During this season Mr. Burton surveyed a consider- 
able portion of the Katangi-Waraseoni plain and the hills to the 
north, but at the end of this season he crossed the Baihir plateau 
forming part of the Maikal range and examined at Cliilpi Ghat 
the type locality for the Chilpi Ghat series established by Dr. King 
in 1885. This section show^s a great thickness of phyllites and slates 
with tufaceous quartzites, separated by coarse felspathin grits from 
a basement conglomerate 450 feet thick, w^hich rests unconformably 
on a gueissic complex. There is also a great thickness of intrusive 
basic rocks. The couglomerate carries rolled pebbles of quartzite, 
gneiss, jasper, granite, and phyllite ; and indicates the previous exis- 
tence of a still older sedimentary series. The Chilpi Ghat series, as 
is known from the work of P. N. Bose, extends into Westeiu Bala- 
ghat, where Mr. Burton finds it to be composed of the same rocks 
as in the type locality, including the tufaceous quartzites, but 
without the basic intrusive sills and with a relatively imsignifioant 
basal conglomerate. In the hills north of the Balaghat plaiji Mr. Burton 
finds an imporl^gnt development of ancient metamorphosed sedi- 
ments composed in descending order of (1) phyllitic schist and 
quartz-muscovite-schist, (2) felspathic quartzite, (3) quartz-mus- 
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covite-schist, (4) calc-gneiss and crystalline limestone, the base of the 
series not being seen. Although the evidence is not yet clear, 
Mr. Burton thinks that this series of sediments must be situated 
unconformably below the base of the Chilpi conglomerate. He 
consequently proposes to call it the Sonaivani series, after the village 
of Sonawani situated on one of the laigest outcrops of these 
rocks. If this two-fold sub-division of the Archaean sedimentaries of 
Balaghat into the Chilpi Ghat series and the Sonawani series can 
be definitely sustained it will be a great step forward. At present, 
however, owing to the intense folding and thrusting which the 
rocks of Western Balaghat have undergone, the existence of this 
unconformity, although probable, has not been definitely proved. 
Dr. Fermor regards the Chilpi Ghat series as the local equivalent 
of portions of the Dliarwar system of Southern India. Whether 
the Sonawani series is to be regarded as a lower sub-division of the 
Dharwar system or as a district geological system as widely separa- 
ted from the Chilpi ('{hat series as the Grenville scries is from the 
Temiskamings of Canada, vvdll depend upon the value assigned to this 
unconformity. Another interesting point arises from this suggested 
separation of the Sonawani series. In his account of the man- 
ganesc-ore deposits of the Central Provinces Dr. Fermor has dis- 
tinguished two modes of occurrence of manganese-ores and asso- 
ciated manganese-silicate-rocks. The cluei mode is the gondite 
series of rocks situated near the base of the Chilpi Ghat series ; 
as an important but distinct mode of occuirence he records the 
existence, in association with crystalline limestones, of manganese- 
ore deposits with associated spessartite, rhodonite, and piedmon- 
tite-bearing rocks. Since Mr. Burton assigns to the calcareous 
rocks a position near the base of his Sonawani series, we apparently 
have the interesting case of two distinct series of Archsean sedi- 
ments, each distinguished by the deposition of manganiferous sedi- 
ments close to the base. In a table in his progress report, attempt- 
ing the correlation of the Archecan rocks of India, Mr. Burton 
suggests the equivalence of the calc-gneisses of Vizagapatam with 
those of the Central Provinces. This is in accord with the asso- 
ciation of manganesc-pyroxenites with calc-gneisses at Taduru and 
Chintelavalsa already referred to (see page 104), and suggests 
that the material for the formation of the koduritic rocks, if they 
really be hybrids as suggested by Dr. Fermor, has been derived 
from manganiferous rocks of age corresponding to the lower man- 
ganese horizon of the Central Provinces. 
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132. The ideas advanced by Mr. Burton concerning the origin of 
the calc-gneisses and the crystalline limestones of ""the Sonawani 
series are referred to on page 102. 

133. In addition to the sedimentary conglomerates Mr. Burton 
has discovered numerous cases of crush-conglomerate and related 
rocks developed in the Archa3an formations of this area. The moat 
peculiar of these takes the form of flattened ellipsoidal ard tab- 
loid-like bodies developed in biotite-gneisses and granite and evidently 
due to crushing. These bodies, which are autoclastic portions of 
the rock in which they lie, now consist almost entirely of quartz 
and sillimanite. The conversion of the ])()tash-felspar of the original 
rock into quartz and sillimanite is supposed by Mr. Burton to have 
taken place in two stages during dynamic metamorphism, mus- 
covite being first formed under more moderate pressures and be- 
coming converted into sillimanite as the metamorphism became 
more intense. The biotite apparently may liave passed direct 
into sillimanite. The alteration processes involve th.e removal of 
potassium, magnesium,, and iron in solution, probably as carbonates, 
as can be shown by chemical equations. 


134. The work in the Central Provinces is confirnung the old 
idea that the Satpura range, as we now know it, is the denuded 
remnant of an ancient mountain cliain and that its elevation is 
connected with the folding of the rocks constitutijig it. This idea is 
supported both by Mr. Fox and Dr. Fermor and fil)e latter has 
maintained^ that the intrusion of the granites wliich foinied such 
a large portion of the Satpuran core was intimately bound up A\itb 
the tectonic movements to which the 8atpuras owe their elevation, 
suggesting that the intrusion of the granite was the cause of the 
upheaval. Mr. Burton, from a study of tlm eviderict‘ in Balaghat 
and Keoni, indicates that the folding mov(‘meiits preceded and 
permitted the intrusion of the bat.holithic granitic rocks, and that 
the intrusion was succeeded by thmsting movements, of which there 
is abundant evidence in the form of the crush -conglomerates already 
referred to. 


135. Sub-Assistant M. Vinayak Bao continued Ids wmrk in the 
Sub-ABsUtant M. mappirp parts of shoets 70 78 

VJnayak Rao : Seoni 87, 88, 89, and at tlie close of the season 
and Mandla. . commenced Work in sheets 109, 1 10 in the Maudla 
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district. The formations examined were Archaean gneiss, granite, 
Deccan Trap, Intertrappeans, laterite, and alluvium, by far the 
greater portion of the area being covered by Deccan Trap. A great 
thickness of trap was found towards the western border of the district, 
where there may be as much as 1,500 feet of lavas. Near Arjunjhir 
(22°18' — 18^0') six Deccan Trap dykes from one to six feet thick were 
discovered, ramifying and joining together to form a multiple dyke. 
Six Intertrappean bands were detected, but they yielded no 
fossils. In the Mandla district in addition to Deccan Trap, the 
Narbada alluvium proved to be of considerable importance. It 
is in places as much as 150 feet thick and near Cheolia (22°50' — 80°2') 
yielded an implement fashioned from Deccan Trap flint. 

Kashmir. 

136, Mr. Bion followed up his work of last year in a north-west 

direction between the Sind river at Sonamarg 
‘ * and the Wular lake at Bandipur, a region which 

includes the Haramuk massif and the extensive watershed of ridges 
separating the Jhelum and Kishenganga drainages (1 inch -- 1 mile 
sheets 43 N-3, 43 J-15 and parts of 43 J-11 and J-16). 

137. During the survey of this rough mountainous tract he has 
filled in a good many gaps in the evidence (previously referred to in 
the General Report for 1912, Records^ Geological Survey of India, 
Vol. XLIII, pt. 1, p. 38) tending to show that within the distance from 
the Lidar valley to the Wular lake the Punjab Trap has shifted its 
position from one confined to a pre-Permian horizon to one extending 
up to the base of the Upper Trias. The evidence may now be consi- 
dered to be conclusive on this point, as also regarding the manner 
of that transgression, which all the circumstances of the case favour 
being one ordinary volcanic effusion (with production of amygdal- 
oidal bands and also piuniceous and ashy beds) and as having taken 
place at progressive times in different localities, so that the whole 
set of lavas, dovetailed with the respective sedimentaries, belong 
to one connected and continuous phase of vulcanicity. As interest- 
ing steps in the proofs supplied by Mr. Bion may be mentioned 
the finding of flows interbedded with the .Permian of Nichinai and 
of a limestone mass containing typical Muschelkalk fossils, such 
as BvMhaites Rama, entirely surrounded vertically and laterally 
by bedded traps. The same chain of observations makes it pro- 
bable that the Imbersilwara limestone, about which doubts have 
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prevailed, is of Lower Triassic age, and is also an isolated lenticle 
limited in every direction by trap. 

138. Over most ot the area the Panjal Trap immediately 
overlies the Slate Series, the Muth Quartzite and Syringothyris 
Limestone having died out by rapid overlap of the Panjal Trap 
in the neighbourhood north-west of Gagangiyer, to which place they 
Were originally traced by Mr. Middlemiss. 

139. The fossils of the Nagmarg horizon coming below the traps 
of tliat place, and originally mentioned {foe. cit. p. 38), have 
been largely worked out by Mr. Bion and will be described in a 
separate paper. They are considered by him to be of Uralian age, 
and separated from the Zewan beds only by the Artinskian plant 
beds of the Guryiil ravine, Nagmarg and the Golabgarh pass. The 
large number of Spirifers found at that horizon, such as Sp. 
nov. sp., and varieties of the Australian Sp. Stokesii Koenig, which 
show closely related and ancestral characters to Zewan forms, is 
greatly in favour of this. 

140. Tn his detailed progress report Mr. Bion has also described 
the local modifications of the Permian and Trias horizons, and 
has added many notes on trap dykes, and on the granite of Wangat 
and Margund, the latter being considered to be of Devonian age. 
Ills observations on the glaciology of the area round Haramuk are 
of much interest ; a great many large and fine moraines have been 
mapped, some descending to 6,500 feet altitude and perhaps even 
to 1,000 feet lower than this. Mr. Bion has been led to suspect the 
former existence of two glacial periods in Kashmir separatee! by 
a long interglacial one. 

141. Museum Assistant A. Subba Iyer was placed with Mr. Bion 
for collecting purposes and for instruction in field-work. Mr. Bion 
found him very willing and anxious to do his best but the nature of 
the work was perhaps too difficult and complicated for one untrained 
in the rudiments of field-work. 


TRANS-FRONTIER EXPLORATION. 

Chitral, Chinese Turkestan and the Pamirs. 

142. In the course of a recent journey to Europe through Chitral 
and the Russian Pamirs, Dr. Hayden made 
Dr. H. H. Hayden. collections of rocks and fossils, which reached 
Calcutta from Kashgar towards the end of the year. From notes 

E 2 
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supplied by Dr. Hayden it would appear that the hills of Dir and 
Swat consist chiefly of basic igneous rocks followed by a series of 
unfossiliferous, and often metamorphosed, sediments resembling the 
Purana rocks of the Himalaya. These are separated by a jv^ide belt 
of granite from a group of agglomerate and trap, evidently the 
western representatives of the Panjal trap and Agglomeratic Slate 
of Kashmir. This group of beds is well seen below Drosh in the 
valley of the Chitral river. 

143. In Upper Chitral an interesting stratigraphical series, 
extending probably from Cambrian to Cretaceous, was found along 
the Yarkhun river. Interruptions by faults and by intrusive masses 
chiefly of granite, render the sequence discontinuous, but it was 
found possible to make fairly extensive collections of fossils ; the 
Upper Devonian beds, from which specimens had already been 
described by Hudleston in 1902^ yielded an especially fine collection 
of brachiopods and corals. At the head of the Yarkhun valley, on 
the divide between Chitral and the iVfghan province of Wakhan, 
Carboniferous and Permian beds near the Baroghil and Shawitakh 
passes contain an interesting fauna comprising Brachiopoda, Bryozoa, 
FusulmcB (with Schwaqerina) and Nautili. 

144. In the Yasin valley, between Oilgit and (Chitral, a slaty 
limestone full of hippurites was found among highly metamorphosed 
sediments, and Dr. Hayden is inclined to regard tlui metamorphic 
rocks of Gilgit, JIunza, Nagar, and N.-W. Kaslimir as to a great 
extent merely tlie altered representatives of the sedimentary beds of 
Chitral and as ranging in age from Lower Palaeozoic to (/retacoous. 

llcO. Interesting collections were also made in tlie Pamirs, and 
Chinese Turkestan, where Dr. Hayden met with the greatest kindness 
at the hands of tlie respective Kiissian and Cfiiinese ofticials, and 
particularly at the hands of Sir George Macartney, British (Jonsul- 
General at Kashgar. In the Russian Pamirs the most persistent 
and conspicuous stratigraphical element is a very thick limestone 
series Pamir Limestone ”) containing well-preserved Jurassic am- 
monites in its upper beds. It was probably from the lower beds 
of the same Parnir Limestone that Stoliezka collected the Triassic 
genus Halorella near Nezatash in 1874. The limestone is under- 
lain by a great series of .shale, sandstone and conglomerate full of 
intrusions of basic rocks. 

' Geological Magazine, Vol. IX, 3-8, 49-58 (January, February, 1902) 
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146. In the northern Pamirs, at the eastern foot of the Ak 
Baital pass, which lies between the Rangkul Pamir and Great Kara 
Kul (lake) a limestone near the roadside yielded a small fauna 
of Upper or Middle Devonian age. 

147. Dr. Hayden’s collections also include Gryphtm Kauftmnni 
{=Osirea iurhestanensis Rom.) from the Ferghana stage of the 
Tertiary of Chinese Turkestan and the Alai, and Fusulina limes- 
tone from the latter range. 

148. The chief interest of the observations made in Chitral and 
the Russian Pamirs lies in the fact that, as had been' anticipated, 
they serve to a great extent to explain the differences between the 
Afghan and Himalayan stratigraphical provinces. The strike of the 
rocks conforms completely to the general structural conditions indicated 
by the deep re-entrant bay of alluvium in nortli- western India ; 
in western Chitral it is approximately S.W. — N.E. gradually bending 
round, in the mountains surroundifig the upper Yarkhun valley, 
in Yasin and in Gilgit, to W.-E. and finally trending onwards to 
N.W. — S. E. in the Taghdumbash pamir and Sarikol. It would 
appear, therefore, that' the basin in which the fossiliferous series of 
Upper Chitral were deposited is the westerly continuation of the 
geosynclinal of Spiti and Ladakh, and unless obliterated by intrusive 
igneous material, ought to be found again in the JCarakoram range. 
Indications of its presence there are, indeed, said to have been met 
with by members of the Filippi expedition during the course of 
their recent researches. 
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Note on the new feline genera sivaelurus and 

PARAMACHAERODUS km ON THE POSSIBLE SURVIVAL 
OF THE SUBPHYLUM IN MODERN TIMES. BY GUY E. 
Pilgrim, D.Sc., F.G.S., Officiating Superintendent, 
Geological Survey of India. (With Plates ^ and 6.) 

In the year 1888 Weithofer^ founded the species Machaerodns 
schlosseri on two mandibles from the pontian of Pikermi, which 
possessed a moderately long diastema behind the canine and a charac- 
teristic ridge adjoining the symphysis, and in which an abrupt 
passage took place from the under to the front margin of the ramus, 
although the descending symphysial flange of ^Machaerodns was 
absent. lie suggested the specific identity of a fragmentary mandibular 
ramus, described and figured by Kaup - under the name of FeUs 
ogygia, from Eppelsheim, with the Pikermi species. 

In 1885 Kittl ^ described the front portion of a skull from Maragha 
in Persia under the name of Machaerodns onenfalis. In this case the 
size of the upper canine was in defect of that of previously known 
species of Machaerodus, but Kittl considered that the crenulatcd 
edge of the canine and certain other characteis entitled it to a 
position in Machaerodus rather than in Fells, 

In 1901 Boule^, in reviewing these forms, remarked that the absence 
of a downward symphysial expansion and the approximation in size 
between the upper and lower canines clearly separated them from 
Machaerodus, and he referred them all to Fells, 

A series of mandibles found in the Tertiaries of India extending 
in age from the sannatian to the top of the pontian and a maxilla 
from the sarmatian throw a certain amount of light upon the evolu- 
tion of this peculiar type and seem to justify its generic separation 
from Machaerodus and Fells. 

1 Weithofer. Beitrage zur Kenntuiss dor Fauna von Pikormi bei Athen, Beitr. z. 
Pal. OsUUng. Wien, VI (1888), p. 233. 

2 Kaup, Osaemens fodB. Darmstadt (1832), p. 21, PI. 2, fig. 3. 

® Kittl, Die fossilo Sangethiere von Maragha, Ann, k. k. naturhist. Hof museums, 
Vienna, I (1886), p. 5. 

* Boule, Revision des espdeos Europ6onQe.d do Machairodus, Bull. Soc. Qiol. France^ 
( 4 ), I, (1901), p. 569. 
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The writer has already referred to the matter^ and has proposed 
the new generic names of Sivaelurus for the maxilla and one of the 
mandibles which occupy the lowest stratigraphical position in the 
series and that of Paramachaerodus for the Indian mandibles of 
higher levels and the Pikermi, Maragha and Eppelsheim species of 
Weithofer, Kittl and Kaup respectively. 

The study of these forms has suggested to me certain specula- 
tions as to their origin and subsequent history, which will however 
be better discussed when the various Indian specimens have been 
described, and the evidence has been brought forward for regard- 
ing them as representing continuous stages of evolution from Sivae- 
lurus chinfiensis to- Paramachaerodus schlosseri and orientalis. 

PARAMACHAERODUS cf. SCHLOSSERI Weithofer, sp. 

iSSS. Mai'hwTwhis schlosseri VVoilhofcr Boitmj'o zur KonnliiiH.s dor li'auiia von 
I'lkunni bui AtluMi, Ratr. z. PaJ. Ost.-Ung. Wim^ VJ, p. 233. 

The first of the specimens under examination was obtained from 
the ncifjrhbourhood of .Hasnot and although the precise locality of 
the specimen was not recorded by Sub-Assistant Vinayak llao, who 
collected it, yet the character of the matrix makes it practically 
certain that it came from the J)hok Patlian zone and not from the 
Tati’ot beds, which arc also fossiliferous in the neighbourhood of 
Hasnot. This is a red ferruginous sandstone, which is plentiful 
at tliis horizon of the Middle Siwaliks. The specimen (G. S. I. No. 
1). MO) is a portion of the left mandibular ramus, broken ofl short 
immediately behind m^, but showing well the front part as far as 
tlic symphysis. 

Subsequently to the fossilization of the specimen tlie contour 
of the individual teeth has become considerably worn and the 
points of some of the cusps have been entirely destroyed. It is 
therefore fortunate that another specimen (G. S. I. No. D. 141) 
is in existence, which, though coming from another locality, near 
the village of Bahitta,'*^ belongs to essentially the same horizon, 
being if anything slightly older. This is a little smaller and shows 
certain slight differences from the Hasnot mandible, both in respect 
of the depth of jaw and in the contour of the ramus in front of pm. 

^ Pilgrim : Tho cocrolation of the Siwaliks with mammal horizons of Lurope. Rec. Geol. 
Surv, India, XLllI (1913), pp. 291, 314. , , - 

“ This village is marked in the map which accompanied the author s paper quo e 
above 1. c., PI. 27. (lat. 32® 47' ; long. 73® 18'). 



140 


Jicrffrds of the (j(olo(/!nfl Surney of India. [VOL. XLV. 

both on its upper and lower margin, which approximate to those 
of Paratnachaerodus aivalenais and Siraelunis chmjiensis. 

I have, indeed, considered the question of referring it to a dis- 
tinct species from the Ilasnot mandible, but having regard to the 
variations which occur in the various mandibles referred to the one 
species Paraniachaerodvs sclilosseri, it seems impracticable to separate 
the Bahitta specimen specifically from the others, unless one were 
to make two additional s])ecics at the same time. But in any case 
there can be little doubt that the structure of the teeth is the same 
in both mandibles, and it is therefore essential that they should be 
considered as supplejuentary to one another. 

I have compared my specimen both with the figures which accom- 
pany Weithofer’s description and also with original specimens of 
this species obtained by Dr. A. Smith AVoodward from Pikcrrni 
and now in the British Museum, and find that the* dillercnces are so 
trifling as to be quite within the limits of individual variation. It 
may be observed that Weithofer distinguishes two types of jaw 
belonging to this species, while the British Museum specimen differs 
again slightly from both of them. 

The dimensions of tliis specimen are tabulated on p. 154 
alongside those of the Bahitta mandible, of the Pikermi specimen 
of Pamouichaerodvs schUmeri and the mandibles assigned to Para- 
machaerodus sivalensis and Sivaelurus rhinjiensis. 

The lower jnargin of tlie rainus is almost straight except for the 
slightest bowing midway between nq and pm^. The depth of the 
ramus is little if at all less in its front than in its hinder part. In 
the Pikermi mandibles the depth diminishes slightly towards the 
front. The Bahitta s])ecimen agrees with the Pikermi rather than 
with the Ilasnot form. The passage from the lower edge to 
the front edge of the ramus is abrupt, the angle between them being 
precisely the same as in the case of the Pikermi mandibles of Para- 
machaerodus schlosseri. This portion of the Bahitta mandible is 
defective, but it is likely that it is very similar to the Hasnot speci- 
men though rather more slender. The outer face of the ramus 
passes as abruptly into the front face, the two being separated by 
a prominent ridge so that the anterior surface of the ram^us is con- 
cave. This agrees perfectly with the condition in Paraniachaero- 
dus schlosseri, though perhaps in the Pikermi species the ridge is 
slightly more pronounced. The upper border of the ramus ascends 
but slightly from pnq to the base of the canine and less so than 
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either the specimens from Bahitta or Pikermi. The space between 
the inner margin of the canine and the syraphysial suture is the same 
as in the Pikermi species, about 6 m.m. Two mental foramina arc 
visible, one beneath pm^ and the other beneath the diastema. Of 
these the latter is much the larger. 

Mj consists of two lobes separated by a moderately deep notcli 
of which the posterior one is the longer. .At the base of the latter 
in the Bahitta mandible is a minute, backwardly projecting liccl 
precisely as in the Pikermi mandible. I have very little doubt that 
a similar feature is present in the Hasnot species although on account 
of breakage it cannot now be seen in my specimen. 

In pm^ the enamel on the postcro-iuternal surface has been 
badly worn as well as the whole of the anterior jiortion of the tooth, 
but by comparison with the in some respects better jireserved pm, 
of the Bahitta mandible we can arrive at its structure with but 
little chance of being in error. The primary cusp is much taller than 
cither the ones in front of and behind it. It is probable that the 
anterior of these two cusps is weaker than tlie posterior one and less 
strong than it is either in the Pikermi mandible or that from Bahitta. 
This will account for the proportionately inferior length of pm'* in 
the Hasnot mandible. Behind the posterior cusp is a well-marked 
cingulum, which is continued as a broad slielf on the jiostero-internal 
corner of the tooth. The existence of this shelf makes the* diamelter 
of the tooth much greater behind than in front. The shape of the 
tooth is here identical with that of tlic Pikertui mandible. 

Pm,, is rather smaller than pm^ but is coustructetl on a finiilar 
plan. The anterior cusp is, however, very slightly pronounced, and 
the shelf internal to the posterior cusp is weaker than in ])m,. This 
tooth seems to differ in no respect from the corresponding tooth 
of the Pikermi species. 

Another feature deserving of notice about pm„ is the presence of 
a scries of crcnulations on the anterior edge of the tooth, which, 
though minute, are very distinct. These crcnulations are not 
recorded in the case of the Pikermi mandible, but since a very 
small amount of wear might dispose of them it does not follow that 
they were not present originally in the species. Purther their 
presence on pm® strongly predisposes us to assume that similar 
crcnulations existed on the canine, and this in its turn is suggestive 
both of the Iliachaerodonts and of the upper canine of Parama- 
chaerodus orieiUalis, which shows them plainly. 
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The- canine in iny specimen appears l)y its root to have been 
a moderately large, slender tooth with a post(*rior lidge. Ifc is larger 
than the canine in Weithofer’s irtaiidibles but equal in size to that of 
the British Museum specimen from Pikermi, which 1 have examined. 

In conclusion the ojily certain difl'erences ()otween the Indian 
mandibles and that of Paramachacrodas schlosscri of Pikermi arc the 
following ; - 

(1) The symphysial ridge seems to be slightly weaker in the 

Indian form ; 

(2) The proportionate length ol the premolars is rather 

dillerent in the fiidian mandibles, pm^ being pro- 
portionately shorter. Since the liritish Museum speci- 
men comes half way betw('(m the Indian mandibles 
and th()S(' figured by Weithoft'r, it seems didicult to 
make a specilic distinction on this cliaracter. 

The amount of the diastema l)ehind t.lu' canine li(‘s between 
that of Weibhofer’s mandibles A and B, while that in the British 
Museum specimen is the largest of all. 'riie ratio of t-he diameter 
of the lower canine to the length of t.he diastcmia is the same in the 
Hasnot mandible as it is for Weit holer's mandible A, though l(‘ss 
than in either of the otJier two specimens. The Baliitla mandible 
agrees with the two man(Jil)les which have this ratio larger. 

Since the species appears to lx' vanabh^ in t lies(‘ cJiaracters, 
whatever the explanation may be, it is (|uite imj>raoticablc to establish 
another species for the llasnot m* Bahitta mandibles distinct from 
that to which the three Pikermi mandibh's have been assigned. 
At the same time, considering tlm imperfect state, of pieservation of 
the Indian specimens, I hesitate, until further niat(‘rial is obtain- 
able, to give to them the unqualified ap|)elhition of Paramacltaerodus 
schlosseri. 


PARAMACHAKRODUS SIVALENSIS Lyd. sp. 

1877. Pseudaelurus stua/en Hffi, Lyilekker, Itcc. Gcol. Ithdiay Vol. X, p. 83. 

1884. Adurogalt sivcilanstsy LyU^-kker, IticUaii T<‘iliMry and po&t-Tertiary Vertebrata, 
Pal. Ind.y scT. 10, vol. Jl. p. 317, PI. XLIV, fig. 7. 

1913. Sivacliiriis (?) Pilgrim, Tho oorrolatioii of the JSiwaliks with 

mammal horizons of Kiuope, Hex. Ocol. India, Vol. XLJII, pp. 282, 
291. 

The mandible which is the type of this species has already been 
admirably described and figured by Lydekker, and little need be 
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added to this except conclusions as to its generic position, based en- 
tirely on specimens which were not discovered when Lydekker 
wrote his description. Considering the fragmentary nature of the 
mandible Lydekker’s determination of it as Aeluroijale (=Aelurictis) 
was tlic soundest possible in the circumstances, and Matthew’s 
reference of all species of Aelimctis to the genus Nimraous removes 
any generic significance which might have attached to certain features 
ill which this mandible differs from European species of Aelurictis, 
since those species are now merged in the genus Nimravus, other 
species of wliicli do not exhibit these distinctions. 

The very close affinity which this mandible undoubtedly shows 
to the species of Pammachaerodus which have just been described, 
enables us to infer the existence of certain cliaracters in the mandible 
now under consideration which are not actually visible. The most 
important of these concerns the structure of the hinder portion of 
m^. If we compare the lobes and alveoli of m^ in the present man- 
dible and that froin Eahitta, it seems impossible to imagine that the 
heel of this tooth was much more pronounced in the former specimen 
than it is in the latter. That it may have been a little stronger in 
Pammachaerodus sivalensis is possible, but it cannot, I think, 
have approached the dimensions which it exhibits in all species of 
Nimravus, including those referred formerly to Aelurictis, ft is not, 
})erhaps, possible to assert positively that a vestigial in^ was absent, 
))ut that it fulfilled any function is extremely unlikely, considering 
the entire absence of any trace of a root behind nij. It seems 
most probable that this tooth was entirely absent, as is the case in 
the mandible of Paramachaerodus cL schlosseri from Bahitta. 

The greater length of the premolars in this mandible as compared 
with the carnassial is certainly a distinction between it and all species 
of Nimraous. 

It seems also allowable to attach some value as evidence to the 
fact that two mandibles to which this shows distinct affinity, namely 
that of Paramachaerodus schlosseri and that of Sivaelurus chinjiensis 
may reasonably be associated with maxilla?, which are obviously 
distinct generically from Nimravus not only by their shortness 
and absence of a diastema between pm^ and the canine, but also 
by the presence both of a parastyle and an anterior cingular cusp 
to the upper carnassial. 

There seems ho need to consider in any further detail the differences 
of this mandible from other genera. Those generic distinctions which 
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separate the gcmis Parawnchaerodus from other genera apply equally 
in this ease. It is necessary, however, to mention my reason for 
assigning it to Paranmehaerodus rather than to Sivaelurus, which was 
my first opinion. I was at first inclined to attach considerable im- 
portance to the presence both in this mandible as well as fn that of 
Sivaelurus chinjiensis of a vestigial ymu. The investigations of 
Matthew and others have, however, shown that the mere presence or 
absence of vestigial teeth is an inconstant feature and often individual. 
Under these circumstances the mere fact that a pjn 2 is present in both 
these mandibles ai\d absent in those from Bahitta and Hasnot should 
not be regarded as a valid reason for necessarily placing the two 
former into the same genus, and the two latter into another. At the 
same time the long diastema in Lydekker’s specimen points to an 
affinity with tlic Chinji mandible, and there seems little doubt both 
that the former represents a stage intermediate b^'tween Sivaelurus 
and Paramachaerodus and also that other species, still undiscovered, 
might easily so bridge over the interval that siiparates them, as to 
render generic separation extremely difficult. Sir}cc the C^hinji 
mandible is so fragmentary, many important characters which 
might have afforded a means of distinction are unknown to me. I 
rely therefore upon the following as indicating a generic difference 
between it and Lydekker’s species : — 

(1) The very small dimensions of pm., and the very different 

proportions between pin., Ufid pm^ ; 

(2) the entirely different appearance of the front portion of 

the jaw due to the much larger angle which the front 
surface of the mandible makes with the lower surface. 
This causes the canine to project forward in tlie most 
striking degree. In l)oth of these points Lydekker’s 
species does not differ esscnitially from either of the 
mandibles of Paramachaerodus schlosseri. 

It remains to detail the particulars in which this species is to be 
distinguished from the other forms of Paramachaerodus. 

(1) The ramus is decidedly shallower, though, if anything, 
stouter in proportion than in any of the forms referred 
to Paramachaerodus schlosseri. 

(2) The diastema is proportionately longer than in any other 

species of Paramachaerodus ^ even in the British Museum 
specimen, in which it is longer than the others. The 
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ratio between the length ol the diastema and the 
antero-posterior diameter of the canine ranges in Para- 
niachaerodus schlosseri from 1.2 to 1.5 but in the 
present mandible this ratio is as high as 1*62. 

(3) A vestigial pm^ is present about 9 mm. in front of pm.^, 

(4) The space left for the incisors between the canine and 

the symphysis is more confined than in Paramuchaero- 
dus schlosseri. 

(5) The upper margin of the ramus slopes upward between 

pm.^ and the canine more steeply than is generally the 
case in the other forms, although the Bahitta mandible 
and that of Paramadiae/rodns oyygia considerably mini- 
mize this distinction. 

SIVAELURUS CHINJIENSIS Pilgrim 

iniO. — PAnKhivluru.'i chinjicnsl.^, NoI’ccns of now mniiimaliaii f^onora and 

spocioh from the* Ti rtiarit's of India, liec OcoL Sinv. liuUa, vol. XL, p. (Jo 

191 H. — Sivat^Iuru.'f Pilgrim. The corndation of the Siwaliks with 

mammal hori/ojiH of Eurojje, life. (Uol. J^mv. India, vol. XLril, pp SI4 footnote and 
291 . 

The type of tliis genus and species is a right maxilla (t). S. I., No. 
D. 150), which I fonmu'ly referred to the genus Psendaelnrus, It 
was found in the Chinji horizon of tlie Lower Siwaliks in the neigh- 
bonrhoocl of Ohinji, and has attached to it some of tlie characteristic 
red concretionary sandstone of the Cliinji l)cds. The maxilla appears 
to b(‘ almost complete, the specimen showing in addition the broken 
base of the jugal and the anterior margin of the orbit. 

The height of the maxilla is about 52 mm. and the length 51. G 
mm. The distance betwe.en tlie infraorbital foramen and the front 
(‘dge of the maxilla is 2A mm. and the height of the orbital 
margin above tlie crown base of pm'"^ is 28 mm. 

These dimensions together with those of the teeth an; tabulated 
below : 

Height of maxilla ...... 

Lengt h of maxilla ...... 

Distance between infraorbital foramen and front edge of 
maxilla ....... 

Height of orbital margin above base of pnv^ . 
length ........ 

breadth *. 

p™-}''"''!', 

^ breadth 



51 0 

24 

25 
4-6 

11-2 

200 

9*2 
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j ( length . . . . . . . .11-5 

t breadth 6-2 

f length 3-9(?) 

I breadth 1-7(V) 

9 

{ anteroposterior diameter . . . . . .11*0 

transverse diameter . . . . . . . 7-8 


Pm^ is a one rooted, probably functionless tooth, of which the 
alveolus completely fills up the space between pm^ and the canine 
so that there is no diastema. 

Pm® consists of a tall principal cusp, a distinct metastyle and 
a rudimentary parastyle. Behind is a heel whicli passes into 
a faint cingulum on the postero-internal half of the tooth. 
It is noteworthy that on the anterior blade of the principal cusp 
there are quite distinct traces of serrations, which no doubt wore 
once much stronger. There certainly seems to be some signifi- 
cance in the fact that similar serrations exist on pm.^ of the Chinji 
mandible referred to this species and on the corresponding tooth in 
the Hasnot mandible of Paramachaerodus cf. scMosaeri. 

Pm^ consists of a principal cusp (paracone), an elongated hinder 
shear (metacone), a well marked anterior cusp (parastvle) and a 
fairly strong inner cusp (protocone) on a level with and separated 
by a distinct broad valley from the parastyle. On the blade of the 
paracone a series of striae may be seen which obviously aie the 
remains of serrations corresponding to those referred to above in 
the case of pm^, A small but clearly defined cusp lies in front of 
and external to the parastyle, which seems to be homologous Avith 
the anterior cusp developed in some of the Machaerodonts and may 
be known as an anterior cingular cusp. There is a cingulum on the 
internal side of the metacone. 

Ml is a transversely elongated tooth, its long diameter forming 
a little less than a right angle with the axis of the carnassial and the 
tooth series. It consists of an external elongated transverse blade 
and an internal cusp. 

‘ The canine which is broken off at the base of the crown is a per- 
fectly elliptical tooth, compressed transversely but Avithout any 
indication of a posterior ridge. 

The cat-like features of this maxilla are apparent at a glance, 
while the large, transversely elongated m^ and the small pm® equally 
bespeak its primitive constitutipn. 
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Although in some respects this maxilla reminds one of Pseudae- 
Ivrus, yet the following distinctions are amply sufficient to justify 
generic separation : — 

(1) The entire absence of a diastema anywhere in the tooth series ; 

(2) The inferior size of pm^ in Sivaehirus and the lesser pro- 

minence of the postero-internal cingular shelf : 

(3) The smaller size of the canine in Sirarlurvs, its entirely 

elliptical shape in cross section and the absence of the 
posterior trenchant edge which the canine of Vseudaehirus 
possesses ; 

(4) The presence of a strong antero-external cingular cusp 

in pm** ; 

(5) The greater depth and lesser length of the maxilla in 

Sivffelunfs. 

Sivaelums differs from Nhnrarus, so far as the maxilla is con- 
cerned : — 

(1) by the presence of a strong parastyle and antero-external 

cingular cusp in pin^ ; 

(2) by the smaller ])m^ ; 

(3) by the absence of a diastema; 

(4) by the greater transverse diameter of ; 

(5) by the weaker prutocone in pin*. 

These points serve eipially to distinguish Sivrfelurus from Aehmc- 
tis, placed by Matthew in the genus Nimuirus. 

Sivaelurus differs from Dinictis : 

(1) by the presence of a parastyle and antero-external cingu- 

lar ous]), and by the less prominent protocone in pm^ ; 

(2) by the moie rol)iist canine. 

Iloplophoiieus may be distinguished from the Indian genus : — 

(1) by its rudimentary parastyle ; 

(2) by the larger pm- ; 

(3) by the exceedingly slender canine ; 

(4) by the lesser transverse elongation of mb 

Sivaelums differs fron: Felts in the following particulars : 

(1) the larger dimensions and the transversely elongated shape 
of mb A slight approach to this is seen in a fe\v modern 
cats such as Felis lenmiinehi of Sikkim, but the 
driference is still marked aud indicates an earlier 
more primitive constitution. 
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(2) The shortness of pm® distinguishes Sivaelurus from most 

species of Fells, but in Fells caracal this tooth is equally 
short. 

(3) The presence of a pronounced antero-external cingular 

cusp in pm^. In Felis caracal an evidentl/ homolo- 
gous structure exists, but faintly and in quite a rudi- 
mentary condition. A similar but also rather rudi- 
mentary cusp is found in of Felis brevirostris of 
the Middle Pliocene. It appears also that such an 
anterior cusp is found in the upper milk carnassial 
of Fells spelaea, from which we may infer that its 
presence is primitive and that it atrophied later. 

(4) The larger upper canine, which, though elliptical in cross 

section like Felis, more resembles the Machaerodont 
canine than that of any known cat^ 

Cryptoprocia, although possessing a very similar m^ to ASweiwws, 
is distinguished by the completeness of the premolar series, apart 
from other more or less obvious features. 

Machaerodns, equally with Felis, differs from Sivaelurus by the 
small m^, while pin® is even smaller as coniparod with the carnassial 
than in the Chinji maxilla. Other still more obvious differences 
are the rudimentary nature of the protocone in pm'* and the larger 
canine. 

Coming to Parawacliaerodus as represented by the maxilla of 
Pafamachaerodus oricntalis from Maragha, one cannot fail to be 
struck by the resemblances, allowing for its greater size, between it 
and Sivaelurus, The structure and proportionate dimensions of 
pm® and pm^ are almost identical, the anterior cingular cusp only 
differing in the Maragha maxilla by being situated a little more in- 
ternally. Both forms have equally short muzzles ; the diastema be- 
tween pm® and the canine in Paramachaerodus orientalis represents 
the exact equivalent of the space filled by pm® in Sivaelurus, The 
upper canine is even larger in the Maragha than in the Chinji species 
and has the trenchant edge which appears to be lacking in the latter 
species. The transversely elongated m* and the existence of pm®, 
though amply sufficient to justify generic separation, are merely 
ancestral characters which one might expect to find in a sarmatian 
or tortonian form and to disappear in its pontiaii descendant. The 
depth of the maxilla is also proportionately greater in the Chinji 
than in the Maragha specimen. 
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Mandible. — The mandible now to be described (ti. S. I., No. 1) 151) 
is merely referred provisionally to the species Sioaelarus chinjiensis. 
It was found in the same beds and agrees well in size with the', type 
maxilla. At the same time it is extremely fragmentary, and it is 
just possible that the hinder portion might contradict the deductions 
as to its allinities which I draw from its anterior portion. 

It is broken off behind pnij and the front half of the latter tooth 
is broken off nearly level with the root. The speeinuni is figured in 
PI. 2, figs. 2,2a, 2b, and its various dimensions are given in the table 
on page 151. 

Pnij is a rather long tooth, with a strong metastyle behind the 
principal cusp and an erpially pronounced cingulum developed be- 
hind and on both sides of the metastyle, but decidedly broader in- 
ternally, Jn ParaymchacrodiiH this cingulum is (ihiefly developed 
on the internal side, but there is little if any diffeiencc between the 
proportionate breadth in the front and hinder portions of the tooth 
as compared wdth Sivaelurus. There is room for a slight parastyle 
in front of the piiricipal ensp, but it is iiupossible to say whether 
such was present of not. 

Pm^j is a small tooth with a metastyle behind the princijial cusp 
and an ejiciiding cingulum similar to but weaker than that on pm^. 
The tootfi however tapers behind, unlike pm^ ajid unlike the cor- 
responding tooth in Paramavhaerodm, There is no parastyle. 
The front edge of the blade of this tooth shows a very distinct series 
of fine serrations, which recall those on the teeth of the maxilla just 
described. 

About half way between pm.jand the canine is the alveolus of a 
small pni^, which was evidently fimctionless. Tlie ii})per margin of 
the ramus ascends between pm,^ and the canine. The lower margin 
of the ramus passes abruptly into the front surlace in a precisely 
similar w^ay to what is the case in ParamachdcroduSj only dillering 
by the smaller departure from the horizontal, ilie angle between the 
two surfaces being about 59^ as against 05^ in Parawachaerodns cf. 
schlosseri and Para^mchaerodiis sivalefisis. A ridge of about the 
same strength as the corresponding ridge in Paramachnerodns cf. 
schlosseri separates the lateral surface from the front surface of the 
ramus. The root of the canine is elliptical in cross section without 
the distinct indication of a posterior trenchant edge which is found 
in Paramacha^rodus cf. schlosseri. The space between the inner 
margin of the canine and the symphysial suture is about the same as in 

F 
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Panmmxdiaerodus sivalcnsis and less than it is in Paramachaerodus 
cf. .schlosseri. The actual symphysis is also longer than seems to be the 
case in either of the mandibles of Pamaiackaerodas. There are two 
mental foramina, of which the anterior one is the larger and is situated 
beneath the diastema, while the posterior one lies beneath pm,. 

It will thus be seen that the anterior portion of this mandible 
agrees in shape with the various mandibles referred to Pnrama- 
cliarivdna. These all differ ecpially from Pmadaelaras as from Fclis 
by the presence of a synijihysial ridge and by the abrupt passage 
from the under to the front surfacj'. of the ramus. It is true that 
similar characters are found \\\ Nimraims, but the long symphysis and 
the forward inclination of the front jiorlion of the ramus is unlike 
that genus. Monniver the small size of pm, in comparison with 
pm I is uni dee any known sp^am's of Nimravus. 

Maclutrrodus^ and the Macliacrodont ])hylum gpiu'rally, agree in 
respect to th(‘ small size of pm, but may easily be distinguished by 
the descending sympliysial flange and by th<^ smaller lower canine. 

Hie points in whicli this diinji mandible diiT(‘rs from the mandibles 
of Pnramachaerodys from Pikermi, Hahitla and llasnot are not in- 
consistent with an old(*r form ancestral to the pontian s])ecies. The 
vestigial jim.^ is. obviously, a primitive b^ature, whil(‘ the slenderness 
and shallowness of th(‘ ramus and the small size of pm^ are charac- 
teis found alike in ()ligoc('ne fonnunners of both th(‘ Kelim‘- and 
Macliacrodont |)liyla. such as Diaietia and IfoplophoHeiis. When in 
addition there is jireserved to us such a mandible as that of Parama- 
cliaerodus whicli in most of these pai’ticudars is intei*- 

mediate between the sarinatian and pontian forms and serves to 
liridge the interval, we have strong evidemee that the Ohinji mandi- 
ble is closely alhVd to the actual ancestor of Paramachaerodus. 

The affinity b(‘tween the maxilla of Simelarus chinjiensis and that 
of Paramacluterodus orienfalis from Maragha has already been noted. 
There seems strong re«ison to su[)pose that the ('hinji maxilla belongs 
to an animal which was closely allied to the actual ancestor of the 
Maragha species. There seems equally strong reason for associat- 
ing the mandible of Paramachaerodus schlosseri at least generically 
with the Maragha mavilla. ZitteP and Sc.hlosser ^ even identify the two 
specimens specifically, but in any case tlie proportions existing between 

^ Zittcl. Handlm li dc'r Palaeoiitologie, Vol. IV, p. 074. 

* M. SohlossiT, Die Affcn, etc. dea Europaiachoa Tertiara, Bpitr. z. Pal. (ht-Uw, 
Wan, VIII (1890), p. 52. 
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the. diastema in the mandible and the npper canii\o, the cnjmilated 
canines in both and the peneral correspondence between the two 
teeth scries justify us in considerin;^ them as ^^onericallv the sajne. 

Assuming that the Chinji mandible is ancestral to Pammachaerodus 
Hchlosseri and that the Chinji maxilla represents a correspondingly 
earlier stage on the line leading to Pnramachaerodus orientalis, 
it seems useless to refrain from provisionally uniting the two C'hinji 
specimens specifically. The close agreement in size and the 
serrations on the edges of the premolars in both, furnish additional 
arguments in favour of this decision. 

The Phytogeny of Sivaelurus and Paramachaerodus. 

W. D. Matthew in his |>aper on the Phylogeny of the FelidiC^ has 
very clearly set fortlj the evidence for the existeu(‘e of two ])erfectly 
distinct lines in this grouj) . — 

(1) the Machaerodonts, originating from the Oligocene Iloplophoneus ; 

(2) the Felines originating from the Oligoccme Dinicfis. 

In the former lii\e Matthew su])pose8 that [)rogressive enlargement 
of the uj)per canine li,as b(‘en accompa]j.ied by progressive reduction 
of the lower canine. The inner cusj) of the upper carnassial has 
abort(‘d gj’adually, and pm" in the u])per jaw and j)m^ in, the lower 
jaw are reduced. In the Feline line jn’ogressive reduction in the 
npj)er canine and progressive enlargejiient in the lower canine has 
taken place, the internal cusp of tin* upper carnassial remains strong, 
pnr^ in the upper jaw is large wliile pm, in the lower jaw enlarges 
to subequality with ))mj. It may be added that , according to this 
theory of descent, wliile thcdowinvard symphysial expansion is present 
in tlio earliest known meml)ei*s of both lines, in the Feline line 
this disappears although a symphysial ridge remains in the Miocene 
Ninmivns, wdiich vanishes in Pscitdaehrrvs and FeJn^. In the 
Machaerodont line, on tlie contrary, the symphysial expiaiision tends 
to strengthen, up to the final extinction of the line with the Sabre- 
tooths of the Pleistocene. 

Matthew, however, lias not entered into the exact relations 
betw'ecn the upper Miocene members of the Feline line and the 
genus Felis, nor lias he rejiiarked upon the presence at such a late 
date as the pontiau of foinis like Paramachaerodus schhsseri 
orienialis, which, while possessing a larg(^ still retaiii a symphy- 
sial ridge and moderately large upper cauiTies. Equally lias he 


» BifIL Awer, Nal. Hisf., XXVJfl (H>1()), j)p. i?sa— .‘HO. 
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offered no explanation of the origin of certain short-faced species of 
Felis which have a small pm^ and pm^^, like Felis brevirostris of the 
Pliocene and the recent Felin caracal^ or of such a form as the recent 
Felis nehulosa, in which not only is pm^^ small, but also a certain 
squareness of chin is distinctly traceable, while the size of the upper 
canines exceedvS that of any other known modern species of Felis, 
In the hope that the material, now described for the first 
titne, may throw some little light on the answer to this and kindred 
problems, and may indicate the lines on which further palaeontolo- 
gical discoveries and research may eventually succeed in completely 
elucidating it, I am tempted to offer a few tentative remarks on the 
subject. 

Assuming that the evidence detailed above is sufficient to justify 
us in connecting Sivaehmfs through the intermediate links of Para- 
machaerodvs sivalensis and variants of ParamaelicC^roihis scMosseri 
with Paramachaerodiis orienfalis of Maragha, the origin of Sivaelurus 
first claims our attention. Can we place it on tlio one or the other of 
Matthew’s two main groups of Machaerodonts or Felijies or can we 
ascertain its relations to the main line of development in either case 
as stated by that author ? An endeavour will be made by selecting 
for comparison with Fivaelurm those forms on either line which we 
have reason to regard as representing synchronous or at all events 
equivalent stages of development. The sarmatian (possibly tortonian) 
age of Sivaelurus is the first consideration ; next tfie absence 
of a descending flange to the symphysis provides us with definite 
proof of a stage much later than that of Dinictis and Ho'plofhoneus. 
Therefore we may, perhaps, compare the Indian genus with Miocene 
types of Machaerodvs and Nmravus. We need only to notice the 
large nd of Sivaelurus, the prominent protocone of its pm^, the 
absence of any exceptional enlargement of the upper canine or of the 
upper carnassial as well as of a descending flange to the symphysis 
to convince us that the genus can find no place on the Machaerodont 
line of evolution. On the other hand in all these respects it con- 
forms to the Feline line. It obviously represents a stage as primi- 
tive as that of Pseudaelurus and Nimravus, judging by its large m^ 
and the absence of any great degree of reduction in the dentition. 
Sivaelurus like Paramachaerodus shows by the absence of a descend- 
ing flange to the symphysis and the larger lower canine a consider- 
able advance on Dinictis, though it is not possible to assert posi- 
tively that like the Middle Siwalik forms, Sivaelurus has lost all 
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vestiges of an ancestral metaconid in m^, this portion of the mandible 
being unknown in the latter genus. 

On the other hand, when consideration is taken of its short 
muzzle, the short diastema in the upper dentition, the small size 
of pm, and the large upper canine and carnassial, one is disposed 
to regard it as representing the outcome of a branch of evolution 
parallel to that which led to the genera Nimrams and Pseudaelurus, 
and taking its origin as far back as the genus Dinictis, some species 
of which, somewhat allied to D. squalidens, might not have been far 
removed from the hypothetical Oligocene ancestor of Sivaelurus, 
if we accept Matthew’s phylogenetic theory. As in the case of 
Nimravus, the descending flange of the symphysis has disappeared, 
but the remnant of it remains in the abrupt passage of the chin into 
the lower margin of the ramus and the expansion of this portion of 
the jaw. 

In the course of the evolution of this type into that of Parama- 
chaerodus, the chief changes which have taken place are the equali- 
zation in size of the carnassial and the. premolars, the shortening of 
the diastema in the Idwer dentition and the reduction in size of the 
upper molar. 

The history of this line in the Pleistocene is unknown, and there 
seems reason to think tliat the type of Parnmuchaerodus itself has 
left no descendants in modern times. This belief is based on the 
failure to find, at all events amongst species, sufficiently large to be 
descended from Paramachaerodus schlosseri and orientalis, such a 
combination of characters as are met with in these pontian species. 
Even though the angularity of chin may have been on the way to 
disappearance, still such modern species as have an equally large 
upper canine differ in the relations of size existing between the 
carnassial and the premolars. 

In the common Indian and Malay species Felis nebulosa, we find 
many peculiar features in the mandible and in the dentition which 
are shared by the sarmatian Sivaelurus, but by no other living 
species. Felis nebulosa possesses a larger upper canine than in any 
other species of Felis. This tooth has also a sharp trenchant poste- 
rior edge. Although the skull is elongated, the muzzle is short. 
The mandible is characterized by a long diastema between the 
canine and pm,;^ in which a vestigial pm, often exists ; pm, is very 
small compared to pm^ and the carnassial ; mj has a distinct talon ; 
while occasionally on the carnassial as well as the canine I seem to 
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see a faint vestige of a former cremilation of the blade. Last of all 
the chin passes more abruptly into the basal margin of the ramus 
than I have found to be the case in other species of Felis, The species 
is much the same size as Sivaelurus chinjiensis, but the height of the 
maxilla is greater in the latter, the muzzle is shorter in proportion 
and the upper carnassial is proportionately larger. Still it seems to 
me possible that Felis nebulosa may be descended from some such 
form as Sivaelurus, though no doubt the hypothetical ancestor was 
of inferior dimensions to the species Sivaelurus cJiinjiensis. 

I do not propose to enter into the history of the genus Felis, 
but would merely suggest that the differences betwe(*n the various 
modern species of cat are too great to lend much support to the theory 
of the monophyletic origin of tlie genus, or to render it likely that 
Niumivus or Pseudaehirus is to be regarded as tlie common ancestor 
of them all. The discovery of Sivaelurus, whicliTcveals what wo 
suspect to he a direct connection between Felis nebulosa and a 
sarmatian ancestral type may but herald that of numerous other 
phyla which evolved on parallel lines. 


Measurements oj mandibles of Paramachaerodus and Sivlaeurus. 
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EXPLANATION OF PLATES. 

PLATK 5 . 

Fkj. 1 . — PammachavriHi UH cf. fichlotisrri Weitli. h|). Irffc mjirulilnilar ramus, 1 
surface view la external side view. Frc)m tJxe middle iSiwaliks of 
Hasuot, Punjab (Cb S. I. No. 1). 140) Pago I .‘10 

Fi<;. 2. — Paraynarhftrndu.s ef. ,srhhftsfri Weitli. s|>. left mandibular ramus, 2 
surface view 2a external side view. From the Middle Siwaliks 
of Bahitia, Punjab ((i. S. 1. No. 1). 141) Page i;}0 

All iigures natural size. 

PLATF 0. 

Fi/. 1. — Sivaelurufi chi tiji crisis Pilg. right maxilla, 1 surface vicav la external 
side view. From the Lower »Si\\aIiks of Phinji, Punjab ((i. S. 1. 
No. IL 150) Page 115 

Fin. 2. — Sicnclurm chhijiensis ? Pilg. left mandibular ramus front portion, 2 sur- 
face view, 2a external side view, 2b internal side view. Fnmi the 
Lower Siwaliks of (’hinji, Punjab (Ci. S. 1. No. 1). 151) Page. 110 
All iigures natural size. 
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Herbert Stanley Bion. 

I T is with great regret that I have to record the death, on Jiine 6th, 
at the age of 27, of Mr. H. S. Bion, Assistant Superintendent, 
Geological Survey of India. Althouch he , ioined. .ilj&,™Denartin£iit . . 

ERRATUM. 

Page 241, column 4, line JO, for (33r>l) read (5-5'10-2). 

Pa<Tc 246, lines 6 and 7 from bottom, for n read tj. 


future, and his subsequent work in Burma, both scientific and 
economic, showed that he possessed, in addition to ability, 
conscientiousness and perseverance. He had, in fact, all the 
qualities which go to make a geologist of the first order. 

During his short term of service, his attractive disposition en- 
deared him to all his colleagues, and through his untimely death 
every member of the Geological Survey has to deplore the loss not 
only of a brilliant collaborator but also of a warm personal friend. 


H. H. Hayden. 
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I. INTRODUCTION. 

T he method of classification adopted in the first Review of Mineral 
Production publislicd in these Records (Vol. XXXIl), 
although admittedly not entirely satisfactory) is still the best that 
can be devised under present circumstances. The methods of 
collecting the returns are becoming more precise every year and 
the machinery employed for the purpose more efficient. Hence 
the number of minerals included in Class I — for which approxi- 
mately trustworthy annual returns are available — is gradually in- 
creasing, and it is hoped that before long the minerals of 

Class II — for which regularly recurring and full particulars cannot 
be procured — will be reduced to a very small number. In the 

case of minerals, such as tin-ore, still exploited chiefly under primi- 
tive native methods and thus forming the basis of an industry 

carried on by a large number of persons each working indepen- 
dently and on a very small scale, the collection of reliable statistics 
is impossible, but the total error from year to year is not impro- 
bably approximately constant and the figures obtained may be 

accepted as a fairly reliable index to the general trend of the in- 
dustry. In the case of gold, the small native alluvial industry 
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contributes such an insignificant portion to the total outturn that 
any error from this source may be regarded as negligible. 

Table 1 shows the values of the production of minerals for 
which returns are obtainable. It has not been 
ducrion customary hitherto to include in this table- 

such materials as building stones, road metal, 
and clay, since the returns are incomplete. To omit them altoge- 
ther, how^ever, is even more misleading than to include the returns 
in their imperfect state, and as the value is not inconsiderable, 
the figures have been added to the table ; they probably represent 
less than half the actual production of those* materials. 

Table 1. — Total Value oj Minerals for winch Returns of Production 
are available for the years 1913 and 19U. 
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Tablk r. — Total Value of Minerals for which Returns of Production 
are available for the years 1913 and 1914 — contd. 


Minoral. 

1913. 

1914. 

Increase. 

Decrease. 

Variation, 
per cent. 


£ 

£ 

£ 
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Maguosite . 
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.i.'>7 
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233,682 



There has been a small decrease in the value of production in 
1914 as compared with the preceding year. This Ls due mainly 
to the serious depression in the manganese market which has resulted 
in a fall in the value of production of over £300,000 or more than 
27 per cent. The production of mica has also fallen by nearly 
32 per cent., while petroleum and salt also show decreases of about 
7 and 11 per cent., respectively. On the other hand there have 
been considerable increases in the production of lead (79 per cent.), 
wolfram (40 per cent.) and saltpetre (36 per cent.), while the value 
of the outputs of coal and gold respectively have risen 3 and 2 per 
cent., respectively. 

The number of licenses and leases granted 
granted^** concessions amounted to 363 as against 

495 in 1913. 
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II. -MINERALS OF GROUP I. 


Chromite. 

Iron-oro. 

Manganese-ore. 

Platinum. 

Saltpetre. 

Coal. 

Jadeite. 

Mica. 

Ruby, Sapphire 

Tin-ore. 

Diamonds. 

Lead -ore. 

Monazite. 

and Spinel. 

Tungsten-ore. 

Cold. 

Magnesite. 

Petroleum. 

Salt. 

Zinc-ore. 



Chromite. 



There was 

a slight 

rise, amounting 

to rathci' less 

than 4 per 

cent., in the 

output of 

chromite in the 

year 1914 over 

that of the 


previous year. As will be seen from table 2, the output both of 
Baluchistan and of Bihar and Orissa fell to a slight extent, but 
the increase in Mysore more than compensated for the loss else- 
where. 

Tajble 2. — Quantity and Value of Chromite produced in India duriruj 
. 1913 and 1914, 





(Quantity. 

Valm*. 

(^uaulily. 

Valu«. 


'roiis. 

€ 

> 'rous. 

£ 

naluc})i.stHii . . . . 1 

:ui4 

1,102 

1 

1,052 

j 

Bdiar and (h i.ssii . 

1 

H4S ' 

4j2 


301 

Mysore .... 

1,414 

821 

2,330 

1,258 

1 

Total . I 

5,676 

2M5 

^ 5,888 

2,6 IJ 


Coal. 

There was a small rise of 4 per cent, in quantity, and about 
3 per cent, in value, of the Indian output of coal, which has now 
reached nearly 16J million tons with a value of £3,907,380. The 
pit’s mouth value varied from Rs. 3 in Central India to Rs. 9-9 
in Baluchistan, the figures for the chief coalfields, however, being 
Rs. 3-3-4 for the fields of Bihar and Orissa and Rs. 3-13-10 for 
those of Bengal. There has bepn a very marked rise in recent 
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yeaivS in the case of Assam coal, which has risen from under 
Rs. 5 in 1912 to Rs. 7 in 1914. The pit's mouth value has 
risen both in the Jherria and Raniganj fields, but has fallen in 
Central India and in the Nizam’s Territory, and has remained 
steady in the Punjab. 

Table 3. — Average price {per ton) of Coed extracted from the Mines 
in each province during the year 1914. 


J’roviju“(“. 


Averaj^o pruo ])cr ton. 


Rs. I*. 


Assam .......... 701 

Raliu'histiin ......... *000 

Roiitral . . . R{ 10 

.Bihai- ami Orissa . . . . . . ' 4 

(Viitral India ........ :? 0 0 

Central Provinces ........ 4 7 ,‘i 

Nizam’s 'J’erritory ........ 500 

North- West Fronti(‘r Proviiiei* . . . . 5 0 0 

Pnnjalj 5 0 

Rajpiitana (Bikaner) . . . . . . .4 14 0 


The amount of coal produced by the Gondwana fields was, as 
usual, over 97 per cent, of the total Indian output. 


Table 4. — Origin of Indian Coal raised durincj 1913 and 1914. 


— 

Av(‘raj>:e of 
last live 
years. 


1014. 


"rons. 

'Pons. 

Tons. 

Clondwaiia (Joal fields . 

. : i;(,ios,i;j7 

lo,8l4,3(»4 

J 0,0.39, 201 

"Tertiarv Coiilfudds 

S 

. ■ 40I.33,'. 

303,705 

425,002 


Total . j 

1 

16,208,009 

16,464,263 


Exports fell off considerably during the year 1914, as will be 
seen from Table 5. This was due in part to the difficulty of ob- 
taining tonnage during the latter part of the year. 
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1913. 1914. 



j 

1 Quanlity. 

1 

i 

Value. 

Quantity. 

Value. 


■ Tons. 

£ 

Tons. 

£ 

Ccyloji .... 

Straits Sottlomonts (including 
Labuan). 

425,ll>r> 

270,312 : 

340,280 

203,810 

197,385 1 

I 132,374 ; 

!' 

111,024 

01,230 

iSuniatni .... 

102,718 

().">, t)2(> ' 

83,098 

47,838 

Other Countries 

32,218 

2o,(ilo : 

42,933 

20,737 

Total . 

757,486 

7.94, .722 ■’ 
i i__ 

577,944 

.13 9,67 J 

(Joke .... 

1 .CSi) 1 

■ 1.510. 1 

1 ,802 


Total of Coal and Coke 

759,155 ’ 

' 

■tmj.ifi i 

579,746 

:i 11,124 


There was also a considerable decline to nearly 50 per cent, 
in the iiii])orts of coal durinf> 1914 as compared with the jnevions 
year. The most niairked reduction was in the imports from Natal, 
which fell from nearly 137,000 tons in 1913 to under 40,000 during 
the year under review. 


Table 6. — Imports of Coal, Coke and Patent Fuel during 1913 and 

1914, 



1913. 

1914. 



Quantity. 

Value. 

1 

Quantity. ' 

i __ 

Value. 


Tons. 

£ 

'rous. 

£ 

Australia (including New 

51, .{44 

54,382 

33,419 / 

1 

30,543 

Zealand). 

Japan . . . . • 

Natal . . . • • 

9.3,103 

99,0tj3 

32,232 i 

33,427 

130,7.30 

I02„330 

39.140 ' 

47,000 

Portuguese East Africa . 
^lYaiisvaal . . • • 

77,579 

31,104 

9KU0 

39,109 

58,742 ; 

40,355 i 

09,050 

53,500 

United Kingdom . 

Other Countries . 

I(!<).2I3 

03,58(> 

23.3,089 

70,432 

l.5(),8r).3 i 
39,012 i 

229,100 

49,805 

Total 

622,659 

7>)SfS0o i 

400,363 ! 

1)19,271 

Coke 

17,121 

41,911 

12,729 1 

28,215 

Patent Fuel , ^ . 

Government Stores 

5,154 

212,941 

280,757 

5,000 i 
54,738 I 

6,110 

83,904 

Total 

857,875 

L091,S09 

473,496 

637,506 


l64 Records of ilie Geological Survey of India, [Vol. XLV. 

There was a considerable increase in the output of the Bihar 
and Orissa fields, amounting to over 400,000 tons, but a decrease 
of over 225,000 tons in Bengal. With the exception of Baluchistan 
and Rajputana, all other provinces show an increase in t)utput. 

The percentage of coal produced by the Tertiary coalfields to 
the total output was only 2 ‘58 ; it was, however, a little higher 
than in the previous year. The chief Tertiary coalfield is still 
that of Marghcrita, the output of which rose from a little over 
270,000 tons to nea'ly 304,000. 


Table 7. — Provincial Production of Goal during the years 1913 and 1914. 


Province. 

; 1013. 

1. 

1914. 

Inereaso. 

Deereaso. 

.... 

.Baluohiatan .... 
Bengal. .... 

Bihar and OrisHa . 

Central Jndia 

Central Provinces . 

Hyderabad .... 
North-West Frontier Province 
Punjab .... 

llajputaua (Bikaner) 

'Pons. 
27(),8()2 
r>2.»32 
4„r>49,985 
, 19,227,557 

U8,978 
235.651 
552,133 
90 
51,040 
18,781 

1 

'Pons. 

.305,160 

48,234 

4,424,557 

10,661,062 

152,906 

244,745 

555,991 

94 

54,303 

17,211 

Tons. 

34,208 

433,r)0.') 

3,928 

0,(«)4 

3,858 

4 

3,263 

'I’ons. 

4,098 

225,428 

1,570 

Total . ; 

1 

16,208,009 

16,464,263 

487,950 

284,096 

Table 8. — Outpvi of the Gondwana Coalfields for the years 1913 arid 1914. 

Coalfields. 

1913. 

1914. 

Tons. 

Per cent, of 
Indian Total. 

Tons. 

Per cent, of 
Indian Total. 

Bengali Bihar and Orissa — 
Daltonganj 

Giridih .... 
jherria .... 
Bokaro-Ramgarh . 
Rajmahal 

Raniganj 

Sambalpur (Hingir-Ram- 
pur). 

Darjeeling District (non- 
act). 

85,346 

806,810 

8,608,310 

3,319 

3,572 

5,327,248 

42,805 

133 

•53 

4-98 

5311 

j -04 

32-87 

•26 

81,680 
825,026 1 
9,146,653 
<■ 16,920 

1 8,145 

4,940,295 
60,883 

17 

•50 

501 

56-65 

i 

30-04 

•37 
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Table 8. — Chctpvt of the Gondwana Coalfields for the years 1913 and 

1914 — contd. 


Coalfields. 

1913. 1 

Per cent, of 
Indian Total. 

1914. 

Tons 

Indian Total. 

Central India — 

Umaria 

148,978 

■92 

152,90() 

■93 

Central Provinces — 





Ballarpur 

80,959 

-.50 

89,292 

•54 

Pencil Valley 

89,805 

■55 

95,679 

■58 

Mohpani 

64,887 

-40 

59,774 

■37 

Ilyderahad — 





Singareni 

5.52,193 

3-41 

555,991 

3-38 

Total 

15,814,304 

97 57 

16,039,261 

97-42 


Table 9. — Output of Tertiary Coalfields for the years 1913 and 1914. 


CoaltieldH. 


Por c;enf.. of 
Indian Total. 


Por cent, of 
Indian Total. 


Assam — 

Makum 
Naga Hills 

Khasi and Jaintia Hills 

Baluchistan — 

Khost . 

!Sor Range, Mach, etc. 

North-West Frontier Provinct- 
Hazara . 

Punjab — 

Jhelum . 

Mianwali 

Shahpur 

Rajputayia — 

Bikaner 


270,364 

498 


i 

5 

1-67 


■28 

•05 



1 

■31 


•12 


303,890 

778 

492 


Total 


393,705 


2-43 


425,002 
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The total number of persons employed in the coalfields rose 
from 144,966 in 1913 to 151,376 in the year under review. The 
output per person employed, however, was smaller than it had been 
in recent years, having been only 108-76 tons. Altogether there 
were 170 fatal accidents, indicating a death-rate of M2 per thousand 
persons employed. 


Taule 10. — Arcraye number of persons employed daily in the Indian 
(Joalfiekls dwriiuj 1913 and 1914. 


Province?. 

Number of persons 
oin]»loyod daily. 

1 

1 

1 Output 
i per person 
• om- 
j ployed. 

1 

Number 
"•of deaths 
by acci- 
i>ent3. 

I Death-rato 
! per 1,000 
! persona 
j employed. 

1 


! 

ioi:b 

i 1911. 

1 . . 

1914. 

1914. 

1914. 

Afisftm 

2,478 

1 

2,888 

105*00 

10 

5-54 

Euluchistan 

1,087 

; 1,001 

48-18 

5 

4-99 

Bengal 

;18,5()1 

.38,882 

11.3-79 

41 

1-05 

Bihar and Orissa 

87,452 

90.855 

117-34 

78 

•85 

(Antral India 

1,593 

.‘l.OSS 

I 50-33 

1 

•32 

Central J’ro\ iiu os 

2, r >84 

3,254 

75-21 

3 

■92 

Hyderabad 

10,028 

, 10,141 

1 54-82 

21 

2-36 

J^orth-West Frontier 

6 

: 7 

; 13-43 



Province. 

Punjab . . . ! 

892 

I 

1,161 

46-77 

2 

1*72 

llajpu tana (Bikaner) . 

185 

149 

i 1 

115-51 



Total 

144,966 

1 1 

i 151,376 

1 1 

' 1 

•• 

170 

•• 

A vmigc . . . ' 


j ' 

j ’* 1 

108^76 

1 

1-12 


Diamonds. 

There was a further decline in the output of diamonds, which 
fell from 115-7 carats in 1913 to 54*65 carats, valued at £791, in 
the year under review. The attempts to work diamonds in the 
Madras Presidency seem to have been given up^^ 
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Table 11.— QuantUy and Value of Diamonds produced in India 

during 1913 and 1914. 


j 1913. 

1914, 


Quantity. 

Value. 

Quantity. 

Value. 


Carats. 


Carats 

£ 

Contrail India 

78-70 

1,7()!) 

r)4()r) 

7!)1 

Madras .... 

37 

i 

22 


Total 

115-70 

ly70l 

54-65 

791 


Gold. 


The output of gold rose by al)out 2 per cent. Tlie incrt‘aso is 
chiefly due to the Anantapur luincs in Madras, the output of which 
increased by nearly 9,000 ozs., the increase in the Mysore 
mines being about 3,000 ozs. ; there was a decline of nearly 1.700 
ozs. in the output from the Myitkyina district, the dredging opera- 
tions at Myitkyina not being so successful as had been hop(id. 


Table 12. — Quantity and Value of (Hold produced in India during 

1913 and 191 L 



1913. 

1914. 







Laljour. 


Quantity. 

i 

Value. 

Qua?itity. 

Value. 


Oz. 

£ 

Oz. 

£ 


fiurma — 

Myitkyina 

Katlia and Pakokku 
Upper Chindwin . 
Sbwebo 

Hyderabad . 

Madras 

Mysore 

Punjab 

V nii^d Provinces « 

1 

5,329-77 

2()-31 

43-40 

20,012-4 

1 1,019 
559,197-98 
134 

4 2 

20,412 

100 

255 

77,228 
4.3,194 
2,150,194 
: 517 

3,()3r)t)0 
12-.59 
45-()() 
10-55 
21,200 
19,873 
552,355 j 
249-98 I 
5-75 1 
i 

13,905 
67 
268 
55 
80,479 
82,959 1 
2,1.39,604 ! 
994 1 

24 I 

1 

) 

^ 159 

1,775 

2,038 

20,290 

470 

35 

Total 

595,761-11 

O'! 

607,388-07 j 

- J 

•i,XiS,35o i 

30,767 
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Iron. 

There was a further increase in the total amount of iron-ore 
produced, which rose from nearly 371,000 tons in 1913 Jo nearly 
442,000 in the year under review. vSinghbhum increased its out- 
turn by over 50 per cent., whilst the outputs in Burma and the 
Central Provinces rose by about 8,000 and 15,000 tons respectively. 
The increase in the production of iron-ore in Burma was due to 
more active smelting operations conducted by the Burma Corpora- 
tion at Bawdwin. The output of iron and steel amounted to 234,720 
tons of pig-iron and 66,603 tons of steel including 45,659 tons of steel 
rails, the latter produced by the Tata Iron and Steel Company. 

Table 13 . — Quantify and Value of Iron-ore 'produced in India durinij 

1913 and 1914. 


191:L I 1914. 




Quantity. 

Value. 

^ Quantity. 

' 

Value. 



Tons. 

£ 

i 

Tons. 

£ 

Bengal — 






Burdwan 


8,926 

1,278 

1,204 ♦ 

171 

Bihnr and Orism — 






Singhbhum 


98,106 

10,898 

151,662-3 

15,083 

Orissa 


247,081 

23,125 

249.958 - 

16,674 

Other Districts 


610 

281 

617 

278 

Bombay 


•5 


•75 


Burma 


J 1,480 

3,061 

19,482 

5,195 

Central India. 


418 

111 

326-5 ' 

59 

Central Provinces . 


3,774 

830 

18,402 : 

3,198 

flyderaheul . 


249 

66 



Rajput ana 


97-5 

26 



United Provincea . 


13 

4 

1 

’21-7 

7 

Total 

• 

370,845 

39,680 1 

r 

441,674*25 ' 

40,665 


* Docrcaso in output iH due to the Ramnagorc Colliery areas being under water 
for part of tli© year. 


Jadeite. 

The condition of the jadeite industry in Burma is still far from 
satisfactory, although the output, which had fallen in 1913 to 3,281 
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Qwt., was nearly trebled in 1914, rising to 9,925 cwt. The increase 
in quantity, however, was not accompanied by a correspondino^ 
rise in the value of the output, which increased only from £12,780 
in 1913 to £12,976 in the year under review. This was due no 
doubt to the production of inferior material. On the other hand, 
exports of jadeite by sea decreased by 2 cwt. from 2,961 cwt. in 
1913 to 2,959 in 1914, while the value of the latter was £40,092 as 
against only £24,903 in the previous year. Evidently, therefore, 
the price of jadeite has risen very considerably, and the value re- 
turned for the output for 1914 shows either that the value was 
understated, or else that the material being won is so inferior that 
the industry will soon become too unprofitable to be continued. 
In view, however, of the great rise in the export value, it seems 
more probable that the value has been grossly understated by the 
miner. 


Lead. 

There was a very marked increase in the output of lead-ore 
and slag from the Bawdwin mines in 1914, the output of ore rising 
from 3,939 tons in J913 to 8,769 tons in the year under review. 
The amount of slag treated also rose from 16,360 tons to 21,901 
tons. The slag heaps left by the old Chinese miners are gradually 
becoming exhausted, and in a short time this source of lead will 
no longer be available. The output of ore however, has increased 
considerably, and ore-bodies of great size are said to liave oeen 
proved. The amount of lead extracted was 10,548 tons in 1914 
as against 5,858 tons in the preceding year. The estimated value 
of the production of lead is based on the market value of that metal 
during the year, and the values given in the tables do iiot represent 
the pit's mouth value of the ore and slag. These materials being 
treated on the spot, it is impossible to assess their value accurately, 
and it seems preferable to base estimates of the value of the output 
on the market price of lead. 

The Bawdwin slag and ore also yielded 230,446 ozs. of silver 
in 1914 as against 125,209 ozs. in the preceding year. 

In the processes of mining with Bawdwin ores a considerable 
amount of zinc-dte was recovered, the chief ore-bodies being com- 
posed of intimate mixtures of zinc-blende and galena. The figures 
showing the amount of zinc-ore won will be found on page 179. 
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Tabi^' 14 . — Production of Silver-lead-ore during 1913 and 1914, 



1 

1913. 



1914. 

_f 


Quantity. 

Value. 

1 1 

Quantity. 

Value. 

1 

1 Load- ore 

Load-ore 

\ 

I Sdvor. 

1 

1 

Lead- ore 

Lead-ore 

Silver. 


' and dlag. 

i 1 

and lead. 

and slag. 

and lead. 

i 

Burma — j 

1 "Pons. 

£ 

1 ^ 

1 Tons. 

£ 

£ 

Northern Shan 

( ,3,939 ) 

) (ore) f 

49,371(^/) 

10,585 

( 8,769') 
> (ore) f 

27, 346(d) 

13,039 

States. 

) 16,360 C 

C (slag) J 

63,503(6) 

4,753 

) 24,901 ( 
C (slag) ; 

174,933(p) 

13,857 

iSonthorn Shan 
States. 

Central Pro^ i 

vinces — 

24*27 

65 

1 


i2 

32 


Drug . . j 

1-5 

21 

•• 

3*25 

19 

■ ■ 

Total 

20,32477 

lUMS \ 

I5yS38(c) 

33,68575 

202,330 

26,89m 


(a) Value of 2,561 tons of lead extracted. 

(h) Value of 3,207 ions of load extracted. 

0;) Value of 125,200 oz.s. of silver extracted. 

(d) Value of t,426 tons of lead extracted. 

(p) V^aluo of 0,122 tons of load oxtraotod. 

(/) Value of 230,446 ozs. of silver extracted. 

Magnesite. 

There was a very marked fall in the outturn of magnesite, which 
fell from over 16,000 tons in 1913 to a little less than 1,700 tons 
in the year under review. This was chiefly due to a decrease in 
the output from the Chalk Hills, which fell from 14,086 tons, valued 
at £14,153, to 399 tons, valued at £130. There was also a fall 
in the output from Mysore from 2,112 tons valued at £623, to 1,281 
tons valued at £427. 

Manganese. 

The manganese-ore industry has suffered from severe depres- 
sion during the year 1914, the output having fallen from 815,047 
tons valued at £1,211,034 in 1913 to 682,898 tons in 1914, valued 
at £877,264, 
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Table 15. Quantity and Value of Manganese-ore, f reduced in India 
during 1913 and 1914. 



1 Quantity. 

1 

! 

Value 
f. o. b. at 
Indian 
ports. 

Quantity. 

Value 
f. u. b. at 
Indian 
ports. 


1 

i Tons. 

£ 

Tons. 

£ 

Bihar and Orism — 

Oangpur 

1 

. I 11,21.''. 

10.1C8 

0,070 

7,613 

Bombay — 

Cliota Udopur 

Panch Mall ala 

j 

40,9 U 

58,984 

7.735 

19,488 

9,701 

24,441 

Central India — 

Jliabua . 

0,814 

8,401 . 

0,642 

6,144 

Central Provinces — 

Balaghat 

B bandar a 

Chhiiidwara . 

Nagpur 

219,139 
89,818 
78,583 
. ' 261,767 

330,926 
138,005 ; 
120,821 , 
402,467 1 

221,159 

82,055 

87,114 

174,562 

296,722 

J 10,090 
110,878 
234,204 

Madras — 

Sandur . 

Vizagapatam . 

' ! 

52,169 i 
44,127 1 

1 

i 

62, .385 i 
52,769 

33,643 

26,375 

29,858 

23,408 

Mysore 

10,501 ; 

13,958 i 

1 

18,055 

18,205 

Total 

. 1 815,047 

1 

h211,031 j 

682,898 

S77,2r,l 


Mica. 

During .1914, the outturn of mica wa.s about 5,000 rwt. lower 
than that during the previous year, while the value of tlie output 
fell from over £115,000 to £88,000. The chief fall was in Madras, 
where the output fell nearly 50 per cent. On the other hand, 
there was a slight increase in the output of the Koderma mines 
in Bihar and Orissa ; the increase in output, however, in that pro- 
vince was accompanied by a fall in value of about £16,000, while 
the total amount of mica exported fell from 62,474 cwt. valued 
at £347,451 in 1913 to 40,502 cwt. valued at £237,310 in 1914, 
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Table 16. — Quantity and Value of Mica produced in India during 

1913 and 1914. 


— 

j 1913. 

1914. 

Quantity. 

Value. 

Quantity. 

Value. 


Cwl. 

£ 

Cwt. 

£ 

Bihar tvnd Orissa . 

32,579 1 

62,624 

33,275 

46,796 

Madras .... 


47,494 

6,989-5 

36,140 

Rajputana .... 

1,95.3 

5,102 

1,1921 

4,968 

Mysore .... 

29 

109 

50 

186 

Total 

45,761 

1 

115y329 

40,506-6 

88,090 


Monazite. 

The output of monazite from Travancore State was 1, 185-65 
tons valued at £41,411 in 1914 as against 1,234-75 tons valued at 
£42,012 in 1913. 

Petroleum. 

It is very rarely that we have to record a fall in the output of 
petroleum, which rose from 118| million gallons in 1904 to over 
277 million in 1913. In 1914, however, production fell to a little 

over 259 million gallons. The output of 1913 had marked a very 

considerable increase on all previous years, while the output for 
the year under review is still more than 10 million gallons higher 
than that for the year 1912. The total value of the output for 

1914 was £958,565 as against £1,034,586 in 1913. There was a 

considerable decrease in the output from the Yenangyaung field, which 
fell from over 200 million gallons in 1913 to about 175 million gallons 
in the year under review. On the other hand, there was an in- 
crease of about 10 million gallons in the output of the Singu field, 
while both Yenangyat and Minbu show considerable decreases. 
The output of the Digboi fields in Assam was almost exactly the 
same in 1914 as in the preceding year. Recent prospecting opera- 
tions in the Punjab have resulted in the discovery of what is believed 
to be a promising field in the neighbourhood of Pindigheb to the 
north of the Salt Range. Hitherto all attempts to exploit oil in 
the Punjab have been unsuccessful, owing chiefly to the unfavour- 
able structure and disturbed conditions of the Tertiary rocks. 
The structure of the Pindigheb area, however, is said to be highly 
favourable to the retention of oil. 
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The amount of paraffin wax exported rose from 272,226 cwt; 
valued at £401^867 in 1913 to 362,678 cwt. valued at £l,r^4,740 ili 
the year under review. 


Table 17. — Qmntity and Value of Petroleum 'produced in India dur- 
ing 1913 and 1914. 



1913. 

1914. 



Quantity. 

Value. 

Quantity. > 

Value. 


GallonB. 

£ 

! 

Oallona. I 

£ 

Burma — 



1 

Akyab . ... 

14,023 

. 270 

12.048 

249 

Kyauk^yu 

29,251 

S21 

25.987 

777 

Mrtawo (Yenangyaiing) 

200,555,008 

771.902 

174.981,709 

073,525 

Myiiigya-n (Kiiigii) . 

G3,r>38,71« 

1>)1,82!) 

7.3,-10!),r.l8 

244.098 

Pakokku (Yenangyat) 

r),4»9,l91 

20,731 

4.r)l(!,fi8.''. ! 

10,720 

Miiibii ... 

3,198,311 

I3,32(i 

l,«83,lfK) 

7,013 

Thayetinyo 

30,240 

108 

22.83(i 1 

95 

Assam — 





Digboi (Lakhimpur) . 

4,088,028 

; 15,400 

4, (>88,547 

15,400 

Punn^b'— 



1 


Mianwali 

1,200 

13 

1,200 : 

13 

Total 

277,555,225 | 

ho:u.rm 

259,342,710 ' 

ur^s.rM 


There was a considc^rable increase the imports of kerosene 
into India during the year, the total being nearly S4 million gallons 
as against only 66 million gallons in 1913. 


Table 18. — Imports of Kerosene oil during 1913 and 1914. 



1913. 

1914. 


Quantity. 

Value. 

C^uantitv- 

Value. 


Gallons. 

£ 

Gallons. 


From — 

Borneo .... 

lfi.99r).348 

429,889 

;'0.900,042 

001,243 

Persia .... 

2,710,458 

8r>.8.").’) 

2,7(!r).68;> 

81,237 

Boumania 

1,413,039 

29,451 


43,002 

Russia . ... 

4,934.221 

123,820 

1,001,870 

Straits Settlements (in- 

3,061,404 

79.480 

1 5„553,20S 

j 147,183 

cluding Labuan). 

United States. ^ 

37,392,084 

1,048.122 

1 40,931.041 1 

1 

i 1,328,352 

! 

Other Countries 

252,061 

0,309 

1 \ 

Total 

66.75998(^5 

J, 80:1,098 

83.879.534 

1 2,2^; .6*92 
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Platinum. 

3G;r)9 ozs. of platinum, valued at £213, were won during the 
course of the gold dredging operations at Myitkyina. Thig con- 
stitutes a decrease on the outturn of the j)revious year, which was 
57-08 ozs. valued at £324. 

Ruby, Sapphire and Spinel. 

The output of the Ruby Mines shows a slight increase in quan- 
tity, but a considerable fall in value. As will be seen from Table 
19, the weight of rubies won fell by about 10,500 carats, while there 
was a rise of nearly 35,500 carats in the output of sapphires. 


Table 19. — Quantity and Value of Ruby, Sapphire and Spinel pro- 
duced in India during 1913 and 1914, 



1013. 

1014. 


Quantity. 

Value. 

Quantity. 

Value. 




- 

— 



Burma — 

Carats. 

£ 

Carats. 

£ 

Mogok ... 

203,025 

(Rubios) 

50,044 

103,333 

(Rubios) 

40,781 

Do 

21, .353 
(Sapphires) 

4,028 

56,700 

(Sapphires) 

2,052 

Do 

53,428 

(Spinels) 

570 

51,830 

(Spinels) 

300 

Total 

278,706 

!)5M2 

304, P.72 

43,133 


Salt. 

There was a slight decrease in the output oft salt, which fell 
from 1,473,189 tons valued at £541,447 in 1913 to 1,348,225 tons 
valued at £483,289 in 1914. The outturn of rock-salt amounted 
to 156,550 tons. There was also a decrease of the imports of salt, 
which fell from 590,431 tons to 562,018 tons. Imports from 
the United Kingdom fell by nearly 40,000 tons, from Germany by 
20,000 tons, from Asiatic Turkey by 10,000 tons, and from Spain 
by 6,000 tons. On the other hand, there were appreciable rises 
in imports from Aden and Egypt. 
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TA-BLE 20.— Quantity and Value of Salt 'produced in India during 

1913 and 1914. 




1913. 

1914. 



Quantity. 

Value. 

Quantity. 

1 

Value. 



i Tons. 

1 

£ 

Tons, 

£ 

Aden .... 


173,908 

09,402 

144,463 

57,030 

Bengal. 


25 

4 

0 

2 

Bombay and Sind 


467, .578 

109,877 

480,898 

u:i,45:i 

Burma .... 


30,109 

102,034 

21 ,r )22 

75,530 

Gwalior State 


114 

310 

99 

271 

Kashmir 


73 

10 

73 

65 

Madras 


348,287 

115,292 

298,802 

115.494 

Northern India 


453,095 

144,482 

390,302 

120,843 

Total 

■ 

1,473,189 

5UJi7 

1,348,225 

4S3,m 

Table 21. — Quantity 

and Value of Rock Salt produced 
during 1913 and 1914, 

- in India 



1913. j 

1914. 


1 

Quantity. 

Value. j 

Quantity. 

Value. 


1 

Tons. 

1 

£ 

Tons. 

£ 

Salt Range . 

. 

138,542 

17,775 

13.5,519 

19,113 

Kohat 

1 

19,009 

1,896 

18,239 

1,810 

Mandi .... 

* 

. ! 

i 

3,542 

4,218 ; 

i 

2,792 

.3.325 

Total 

i 

• 1 

1 

161,133 

23M9 j 

156,550 

24,24S 
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Table 22. — Quantity and Value of Salt imported into India during 

1913 and 1914. 



1913. 

1914. • 


Quantity. 

Value. 

Quantity. 

Value. 


Tons. 

£ 

Tons. 

£ 

From - 

Aden anil Depondencioa . 

124,908 

1 15,955 

153,163 

146,790 

Egypt .... 

8fi,853 

82,299 

93,775 

100,263 

Uormany . . . j 

1 

55,124 

65,12.8 

35,014 

40,174 

Spain .... 

73,514 

66,299 

08,273 

64,538 

Turkov, Asiatic 

1 

72,200 

i 

60,920 

02,255 

60,896 

United Kingdom 

i 1 

1 140,728 

140,192 

103,038 

104.395 

Other Countries 

37,038 

32,669 

46,500 

1 

' 42,299 

i 

Total 

1 

590,431 

670,457 

562,018 

55f9,355 


Saltpetre. 

The amount of saltpetre produced in India during the year 1914 
was nearly 15,r)0() tons valued at over £272,000 as against a little 
less than 14,500 tons valued at over £200,000 in 1913. This shows 
an increase of nearly 36 per cent. On the other hand, the exports 
decreased from 15,235 tons in 1913 to 14,157 tons in the year 
under review, the decrease in value being over £4,500. There 
was a considerable change in the distribution of the exports, nearly 
half of the total quantity going to the United Kingdom, thus con- 
stituting an increase of more than 100 per cent, on the amount 
taken by that coimtry in previous years. There was, however, 
a considerable decrease in the exports to China and to the United 
States, and a slight decrease in those to Mauritius. 
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■ Table 23. — Quantity and Value of Sali'petre 'produced in India during 

1913 and 1914. 


' 

1013. 

1914. 


Quantity. 

Value. 

Quantity. 

! Value. 


Tons. 

£ 

Tons. 


Bihftr 

6,34:i 

71,844 

4,S06 

! 76,046 

Bombay (Gutch) 

3 

26 

1 

U 

Central India 

24 

208 


1 

North-West Frontier Province 

7*5 

247 

2-2 

i 

Punjab ..... 

2,964 

66,433 

3.6:^ 

1 73.4(M 

Rajputana .... 

363 

3,107 

405'9 

4,232 

United Provinces . 

5,758 

68,848 

6,664 

117,818 

Total 

14,46P5 

20(h80:i 

15.489-1 

'J7‘J,f62 

Table 24. — Distribution; of Salifetre 

exported during 1913 

and 1914. 


1913. 

1 

1914. 


Quantity. 

Value. 

Quantity, 

Value. 


Cwt. 

£ 

CVI. 

£ 

Ceylon ..... 

43,813 

30,177 

44,085 

28,674 

China 

80,674 ■ 

65,277 

49,266 

40,305 

Mauritius and Dependencies 

38,200 1 

27,714 

23.406 

17,778 

United Kingdom 

56,430 

44,651 

126,918 

111,076 

United'States of America 

60,920 

40,149 

19.163 

15,096 

Other Countries . . « . 

34,755 

29,613 

21,298 

19,987 

Total 

104,692 

237,681 

283,136 

232,916 


Tin. 

While the value of tin and tin-ore produced in Burma fell from 
over £46,000 in 1913 to a little over £38,000 in the year under re- 
view, there was a small increase in the imports during the same 
period. Owing, l^owever, to the lower price of tin in 1914, the 
value of the quantity imported in that year was nearly £80,000 
less than that of a similar quantity imported in the preceding 
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There has been an increase in the amount of tin-ore produced 
in the Southern Shan States. The chief producer, however, is 
still the Tenasserim Division, Mergui and Tavoy contributing more 
than three-fourths of the total production. 


Table 25. — Quantity and Value of Tin and Tin-ore for the years 

1913 and 1914. 




1913. 


1914. 

* 

Block Tin. 

Tin-ore. 

Block- Tin. 

Tin-ore. 


Quan- 

tity. 

V'ahio. 

Quan- 

tity. 

Value. 

Quan- 

tity. 

Value. 

Quan- 

tity. 

Value. 


Cwt. 

£ 

Cwt. 

£ 

Cwt. 

£ 

Cwt. 

£ 

Bihar and Onmi — 



' 






Hazaribaj^h 

1 

17 


•• 

1 

16 


•• 

Burma — 









Mcrgiii 


iil,419 

1,717 

7,703 

1,903 

10,235 

1,861 

9,263 

Southern Sliiiii 



1,075 

5,8IU 



i 2,767 

1 

8,993 

States. 

i 1 




i 

Tavoy 

j l,3U 

8,279 

21 

122 


1 

. • ! 

767 

1 

3,696 

Total 

3,651 

i j 

3'2J15 

1 

3.413 ; 

i 

LU86 

1,964 

1 

16,251 

i 

5,395 

1 ‘ 

21,952 


Table 26. — Imports of Tin, unwrougJit {blocks, ingots, bars and 
slabs), into India during 1913 and 1914. 



1913. 

1914. 


Quantity. 

Value. 

1 

Quantity. 

Value. 


Cwt. 

£ 

Cwt. 

£ 

From United Kingdom . I 

5,336 i 

59,042 

6,113 

40,806 

,, Straits Sotllemcnts (in- 
cluding I^abuan). 

35,209 

371,532 

35,34b 

312,318 

„ Other Countries 

05 

1,057 

254 

1,969 

Total 

40,640 

msii 

1 40J07 

m,093 
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Tungsten. 

The output of wolfram iu Bunna rose fi<.ni 1,088 tons valued 
at £127,762 in 1913 to 2,326 tons valued at £178,543 in the year 
under review. Had it not been for temporary dislocation of the 
arrangements for disposing of ore during the latter part of last 
year, the output would probably have been considerably higher. 
The industry, however, subsequently recovered itself, and, owing 
to the demand for wolfram for the manufacture of tungsten-steel, 
the year 1915 should be an extremely prosperous one so far as this 
industry is concerned. I'he greater part of the output comes 
from Tavoy, while. Mergui shows a slight falling olT. and the Southern 
Shan States (Mawclii) a slight inrreas('. A new source of wol- 
fram appears for the first time, riz., Thaton district to the north 
of Tavoy, whence 17 tons were obtained. 


Table 27. — Quantity and Value of I'unysten-ore jtrodueed in Burma 
, during 1913 and 1914. 



1 

I i!»i:{. 

1014. 



Quantity. 

: Value. 

Quanljly. 

V'^aluo. 

Burma — 

Tons. 

! 

£ 

Ton.s. i 

£ 

Mergui .... 

205-5 

17,092 

101 

16,647 

ISoutborn Shan States . : 

83-7 

5,801 

138-4 i 

8,993 

Tavoy 

1,3!)9 

I 

104,800 

1 

1,970-0 

152,333 

Thaton . . . . ! 

1 

1 


17 , 

570 

Total 

1 

1,68S*2 

727, 76’? 

1 

2,326 

178,543 


Zinc. 

The Burma Corporation produced from their Bawdwin mines 
8,553 tons of zinc-ore valued at £10,762 as against 3,871 tons, valued 
at £4,871, produced during the year 1913. The ore is found in 
association with galena in the Bawdwin mines, large ore-bodies 
being composed ,of the latter mineral and zinc-blende. 
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III.*- MINERALS OP QROUP II. 


Agate. 


Alum. 


Amber. 


As^be^toii. 


Bauxite. 


101 tons of agate, valued at £176, were won ^ 
in the Rajpipla State during the year.^ 

There was a slight rise in the output of alum from 7,842 cwt. 

valued at £3,794 in 1913 to 8,731 cwt. valued 
at £4,649 in the year under review. Nearly 
the whole of this output was derived from the Salt Range. 

The output of amber was still insignificant, being only 13 cwt. 

ill 1914 as against 10 cwt. in the preceding 
year. The quantity liowever was better and 
the value was £274, or about £21 per cwt., as against £29 or rather 
less than £3 per cwt. 

A small quantity (about 5 tons) of asbestos was won in the 
Hassaii district of Mysore, but the total out- 
})ut was valued at only £23. 

514 tons of bauxite wde produced as against 1,184 in the previ- 
ous year. The value, however, was esti- 
mated at only £1 less, viz,, £32 as against 
£33 for the larger quantity. Bauxite is used in the manufacture 
of cement at Katni. 

The value of building-stone and road-metal produced during 
the year 1914 was £214,421 as against £243,493 
in the previous year (see table 28). These figures, 
howevei-, only represent a fraction of the total output. It has 
been found impossible to obtain reliable returns. 

The production of clay is returned at 54,740 tons valued at 
£2,567 as against 47,422 tons valued at £2,744 
in 1913. The figures are very incomplete, and 
probably do not represent even the twentieth part of the total 
pi’oduction. 

5,324 tons of copper ore, valued at £7,294, were won during the 
year as against 3,810 tons, valued at £8,650 
during the preceding year. Almost the whole 
of this came from the Cape Copper Company’s mines in Singh- 
bhurn. 

There was a marked fall in the output of corundum from 8,924 
cwt. valued at £2,215 in 1913 to 2,360 cwt. 
valued at £447 during the year under 
review. 


Building ^to^ej. 


Clay. 


Copper. 


Corundum. 



Table 28 —Production of Building Materials atid Road Metal in India during the year 1914. 
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The output of garnet increased considerably from 334 cwt. 

Garnet valued at £1,288 to 21,900 cwt. valued at 

£4,806. Of this quantity Madras produced^ 
21,440 cwt. valued at only £464, whereas the Kishengash State 
produced 464 cwt. valued at £4,333. The latter State is the chief 
source of the garnet used in the manufacture of cheap jewellery in 
India. 

The output of gypsum was much the same as in the preceding 
Gypsum being 22,208 tons valued at £979 as 

against 24,901 tons valued at £1,071- 

The production of ochre has fallen very considerably in recent 
years and the output now is quite insignifi- 
cant, being only 008 tons valued at £157 dur- 
ing the year 1914. The output during the previous year was 5,067 
tons valued at £919. 

A small quantity of pitchblende was won from the Singar Mine 
in the Gaya district. The total amount, how- 
ever, was only 16 lbs. valued at £13. 

43 cwt. of saniarskite, valued at £121, were recovered as against 
Hi 3 cwt. valued at £7 in the year 1913. This 

comes from the Nellore mica mines. 

There was a very marked decrease in the production of steatite 
Steatite during the year under review, the total output 

being only 999 tons valued at £4,131 as against 
2,624 tons valued at £6,700 in the preceding year. The decrease 
was most marked in Karnul in the Madras Presidency and in Hamir- 
pur in the United Provinces. 


pitchblende. 


Table 29. — Quantity and Value of Steatite produced in India during 

1913 and 1914. 



1913. 

1914. 


Quantity. 

Value. 

Quantity. 

Value. 

Bihar and Orissa — 

Tons. 

! 

£ 

Tons. 

£ 

Singhbhum . 

800 

160 

la) 

400 

Seraikelaj 

190 

► 9 

•• 

•• 

Mayuibhanj . 

66 

200 

I 

60 

173 


(a) Quantity not returned. 
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Table 29. — Quardity afhd Value of Steatite produced in India during 
1913 and J9J4— contd. 


■ 

1913. 1 

1014. 


Quantity. 

1 

Value. 

Quantity. 

Value. 

Ceniral Proviru^s — 





Jubbulpore . 

661 

378 

502 

429 

Hyderabad . 

(«) 

12 

•• 


M ndraa — 



1 


Bollary .... 

14 

J 

25 

2 

Kuriiool 

545 

4,436 

210 

1,576 

Nolloro . . . '' . 

20 

52 

1 60 

1 

715 

Untied Provinces — 



1 

1 1 


H amir pur 

200 

1,:135 

1 J20 

744 

Jliamd .... 

28 

117 

1 

22 

92 

Total 

2,524 

1 

6,700 ! 

m 



(tf ) Quantity not rotunied. 


A small quantity — 10 tons valued at £13 — of triplite was pro- 


Triplite. 


duced during the year in the neighbourhood 
of Singar in the Gaya district of the province 


of Bihar and Orissa. 
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IV.— MINERAL CONCESSIONS GRANTED. 

Tabib Statement of Mtneral Concessions granted during 1914. 

ASSAM. 


District. 

Qrantpc. 

1 

1 

j Mineral. 

1 

Nature of 
giant. 

1 Area 

! in acres 

1. 

' Date of 

commence- 
1 inent. 

Term. 

Kliasi and Jain* 
tia Hills. 

# 

(1) Mr.ll. D.CoBRJin . 

1 Gold and certain 

1 other allied 

1 minerals. 

P. L. 

12,704 

1 14th April 
> 1014. 

1 year. 

Do. 

(2) Do. 

' I'lu and woEraiu . 

r.L. 

(renewal). 

12,704 

I Do. 

1 

Do. 

Do. 

(3) Do. 

1 Gold, tin and cer- 
tain other allied 
minerals. 

P.L. 

(renewal). 

8,160 

1 Do. 

Do. 

Do. 

(4) McHSrs. Tatu Sons A. 
Co. 

Mineral oil . 

P. L. 

7,040 

' Hist October 
1018. 

2 years. 

LakhizDpur 

' (5) Assam Oil Co., Ltd. . 

1 

Oil . . . 

P. L. 

5,546 6 

' i2th January 
j 1014. 

1 1 year. 



BALUCHISTAN. 




Eaiai 

(0) G. C. ^hlghani, 
Esq., Kcproseutative 
in India of the Burma 
OU Co. 

Oil . 

P.L. 

1 

1 

6 different 18lh Dpcem- 
aroai) moa- ' ber 1014. 
Biiring 

400,640 acres. 

1 year. 

Do. . 

(7) Mian Moliamed Is- 
mail of Quetta. 

Coal 

1 M. L. 

80 

let January 
1914. 

80 years. 

Loralnf . 

(8) E. S. Abdulla Asgar 
Alii. 

Do. . 

M. L. 

80 

let January 
. 1916. 

Do. 

Quetta . 

(0) Mian Mohamed Is- 
mail of Quetta. 

Do. . 

M. L. 

' 80 

, ist January 
1914. 

Do. 

Do. . 

(10) Do. 

Do. . 

M.L. 

28-40 

let July 

1914. 

Do. 

Sibl 

(ID Khan Bahadur B. 

D. Patel, C.I.E. 

Do. . 

M. L. 

1 

SO 

Do. 

Do. 

Zhob 

(12) Do. 

Chromite . 

M.L. 

80 

lit January 
j 1916. 

J 

, Do, 

BIHAR AND ORISSA. 

Hazaiibagh 

(18) Ananga Banjan 

CbatailL 

Mica . 

M.|L. 

70 

1 0th Septe'm- j 

1 ber 1913. • 

80 years. 

Do. . 

(14) Babu Lokshmi Na- 
ratn STdcbaul. 

Do. 

P.L. 

80 

1 28th August i 

1 1914. j 

lyear. 

Do. . 

(16) Messrs. F. F. Chres- 
tlenftCo. 

Do. 

P.L. 

178-23 

10th Septem- ' 

. ber 1914. 

Do. 


F. Jut»Pro9p9Ct(in9 Umtp* ifinina Urn* 
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BIHAE AND 0Rl8SA-<»ncM. 


DIATRIOT. 

Grantee. 

Mineral. 

Nature of , 
grant. 

Area 

In acroB, 

Date of 

commencement. 

Temi. 

ijEKRTibagh 

(Id) Sardar Govlnd Singh. 

Mica 

P.L. . ' 

820 

18th October 
1914. 

1 year. 

Do. 

(17) Babu Lachini Na- 
rain Shroif. 

Do. 

M. L. 

0 

15th Septem* 
her 1914. 

80 years. 

Do. 

(18) Babu Barada Pra^ 
sanna l{a)umdar. 

Do. 

M. L. 

120 

27th Novem- 
ber 1914. 

Do. 

Sarnbalpiir 

(19) Mr. Thomas Pres* 
aiok Yeoman. 

Coal 

P. L. 

(renewal) 

1,300 

27tli Novem- 
ber 1913. 

1 year. 

Santal Farganas 

(20) Binode Bihari Da . 

Do. 

M. L. 

2 

iHt February 
1914. 

3 years. 

SiJighbhum 

(21) Babu Krialina 

Chandra De of Calcutta. 

MaiiganeHC . 

P. L 

(renewal ) 

249 6 

18tli July 

1913. 

1 year. 

Do, 

(22) Mr. L. P. E. Pugh 
of Calcutta. 

diromitc . 

P. I- 

8,130 

5 th Juno 1914 

1)0. 

Do. 

(23) The Indian Manga- 
DCBo Co., Ld., Nagpur. 

MaDganti.i‘C‘ . 

P. L 

12168 

13th May 

1014. 

Do. 

Do. . . 

(24) Bai Srioath Pa) 
Bahadur of Calcutta. 

Do. 

1 

P L. 

1,920 

6th Novem- 
ber 1014. 

Do. 

Do. 

(25) Mr. L. Luxman Kao i 
Naidu of Nagpur. 

Chromite . 

P. L. 

1,621-18 

16th October 
1014. 

Do. 

Do. 

(26) Do. . 

Do. . , 

P. L. 

927-38 

Do. 

Do. 


BOMBAY. 


Panch Mahals . I (27) The Bamankiia 

Manganese . 

1 

. P. L 

530 

^ 1st Janiia»’y 

1 voar. 

1 Manganese Co., Ld. 


1 


1 1914. 



BURMA. 


-Inihorst . 

(28) Mr. 8. K. Solomon . 

All mineniD (ex- 
cept oil). 

P. L. 

2,240 

j 2.3i'(l January 

1 1914. 

1 year. 

) 

Do. 

(29) Mr. L. Sisinan 

Do, 

P. L. 
(renewal). 

640 

! 10th June 
1914. 

Do. 

Do. . 

(30) Mrs. M. M. Hla 
Oung. 

Do. 

P.L. 

(renewal). 

2,880 ^ 

28th July 

1914. 

Do, 

Do. . 

(31) Mr. 0, E. ^aw 

Gold, silver, tin, 
copper, wolffam 
and antimony. 

P. 1,. 
(rc?iewal) 

960 

8tli No\ ember 
1914. 

Do. 

Katha . 

(32) Maung Nyo . 

1 

Lead and silver . , 

P. L. 
(renewal) 

900 

20th March 
1914. 

UntoSlSt 
Decem- 
ber 1914, 

Lower Chlndwin 

(831 Messrs. The Burma 

1 on CO., Ltd. 1 

Mineral oil . 

1 

P. L. 

(renewal). 

960 

1st May 1914. 

lyear. 

i 


F, LieeMe. M. t. ^ Mining Imu. 
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District. 

1 

Grantee. 

Mineral. 

Nature ol 
grant. 

Area 
in acres. 

Date of 
commence- 
ment. 

Tenn. 

Lower Ohindwir 

(34) M-ahomed Hnaat in 
and .fiimal Bros, dr Co. 

1 All minerals (cx- 
] cept oil). 

P.L. 

(renewal). 

1,440 

Ist August 
1014. 

1 ym. 

Ma^ve . 

(35) Messrs. The Tndo- 
Lunna Petroleum Co., 
Ltd. 

! Mineral oil . 

P.L. 

1.280 acre.s 
(Blocks 3 S. 
and 4 8.) 

24th January 
1914. 

Do, 

Do. . 

« 

(30) Do. 

J Do. . . 

P.L. 

1,280 acres 
(Blocks 5 S. 
and 6 S.) 

14 th Febniar 
1014. 

y Do. 

Do. . 

(37) Do. 

Do. 

P.L. 

1,280 

j 18th March 

1 1014. 

Do. 

Do. . 

(.38) Do. 

Do. . 

P.L. 

(renewal). 

040 

! 12th Novem- 
! her 1013. 

Do. 

Do. . 

(31)) Mn Kin Le . 

Do. 

P.L. 

(renewal). 

383 

• 

j 7thNovembei 
1 1913. 

Do. 

Do. . 

(40) The Burma Oil Co-, 
Ltd. 

Do. / . 

P.L. 

(renewal). 

2,24U 

j 19th Feb- 
' ruary 1914. 

Do. 

Do. . 

(41) Maung Po Tan 

Petroleum . 

P. L. 

1,520 

16th Septem- 
ber 1914. 

Do. 

Mandalay 

(42) Mr.r.H. Parry . 

Copper, lead and 
other minerals 
(except mineral 
oil). 

P. L. 

040 

flth February 
1914. 

Do. 

Meiktila . 

(43) Mr. K. li. Smith . 

Wolfram . 

P. L. 

3,200 

i 

7th Moitdi 
1914. 

Do. 

Mcrgui . 

(44) Messrs. Bume and 
llelf. 

All minerals (ex- 
cept oil). 

P. L. 

P.L. .1 

435-20 j 

29th January 
1014. 

Do. 

Do . 

(45) Do. . 

Do. 


l,336-32 

Srd January 
1914. 

Do. 

Do. . 

(4(1) Maung Shwe Thi . j 

Do. 

P. L. . . 

81-60 

18th February 
1914. 

Do. 

J)o. . 

(47) Do. 

Do. 

P. L. 

852-48 

Do. 

Do. 

Do. . 

(48) M. E. Bhynieah 

Do. 

P. L. 

(renewal). 

2,135-04 

9th P’ebruary 
1014. 

Do. 

Do. . 

(49) Maung Shwe I 

Do. 

P. L. 
(renewal). 

1,423>30 

Do. 

Do. 

Do. . 

(50) C. Soo Don . 

Do. . 

P.L. 

(renewal). 

381-44 

Do. 

Do. 

Do. . 

(51) Messrs Bume and ' 
Keif. 

Do. 

P. L. 
(renewal). 

547-84 

29th January 
1914. 

Do. 

Do. . 

(62) Do. . . : 

Do. . . 

P. L. 
(renewal). 

2,802-08 

Do. 

Do 

Do. . 

(53) Maung Shwe Yaitf. ' 

Do. . . : 

P.L. 

(renewal). 

2,400-20 

Ist November 
1013. 

Do. 

Do. . 

(64) U No Oyl . 

1 

Do. . . ! 

P. L. 
(renewal). 

3,000 

6th December 
1913, 

Do. 

Do. . 

(65) Maung Shwc Yaitt 1 

i 

1 

Do. 

P. L. 
(renewal). 

2,304-00 

2lBt Deoom* 
berlOlS. 

Do. 


f, L. s= PrapecHng Lteense, U. Mining 
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Dtstriot. 

Graiitce. 

Mineral. 

Nature of 
grant. 

Area 

in oercs. 

1 Dato of 

1 commeiiee- 
' incnt. 

Term. 

3I( ruiii . 

(56) Maiuig Shwfi Yaitt 

All minerals (ex- 
cept oil). 

P.L. 

(renewal). 

714 56 

' 2M D^^-eem- 
1 her 1913. 

1 year 

Do. . 

(57) Maunfi Po Gji 

Do. . 

P. L 

(renewal) 

3,i:>9n4 

■ 12Ui Feb- 
ruary 1914. 

Do. 

1)0. . 

Do. . 

(58) Lira Aw Kyi 

(59) U Shwe I . 

Do. 

Do. 

P.L. 

(renewal). 

P. L. 

207-36 

389-12 

24 til July 

1913. 

13th June 

1 1914. 

Do. 

Do. 

Do. . 

(60) Mr. 0. H. Hand . 

Do. 

P. J.. 

125-44 

1 11th May 
j 1914. 

Do. 

Do. , . 

(61) Messrs. Schufider 
Sinidt & Co., Ltd. 

Gold . 

P. L. 

1,454-08 

12th Juno 
! J914. 

Do. 

Do. . 

(62) Maun^j 8hwe Don . 

All minerals (ex- 
cept oil). 

P.1,. 

(renewal). 

703- GO 

9th February 
{ 1014. 

Do. 

Do. . 

(63) Messrs. Biime and 
Reif. 

Do. 

P. L. 
(renewal). 

1,336-32 

j lOtli Novein- 
, ber 1913. 

Do, 

Do. . 

(64) Do. 

Do. 

P. L. 
(renewal). 

1,518-08 

j Do. 

Do. 

Do. . 

(66) Mann« Mya . 

Do. 

P.L. 
(renewal ). 

1. 809-92 

1 10th February 

1 1014. 

Do. 

Do. . 

(66) Mr. .T. Kinloch 

Do. 

P.L. 

(renewal). 

1,030-36 

26th March 

1 1911. 

Do. 

Do. . 

(67) MairaB Po Thaik . 

Do. 

P. L. 
(re,newal). 

814-08 

' 21 st March 
: 1914. 

Do. 

Do. . 

(68) Do. . 

Do. 

P.L. 

(renewal) . 

l,700-4() 

Do. 

1 

Do. 

Do. . 

(69) Maung Saw Maiing 

Do. 

P. L. 

j (renewal) 

1,920 

! loth May 

1 1914. 

Do 

Do. . 

(70) 0. S. Alweshwar . 

Do. 

; P. L. 

3,200 

1 27th October 
; 1913 

Do 

Do. 

(71) Messrs. Moolla D.a- 
wood Sons & Co. 

Do. 

P L. 

2,560 

! :jlKt Dccoin- 
i iM'r 1913. 

Do. 

i 

Do. . 

^(72) Maung Saw Maung 

Do. 

P. L. 

1,812-4.8 

i lOth July 
i 1911. 

Do. 

Do. . 

(73) G.ShwoTIn . 

Do. 

1 

P. L. 

1,002-52 

! 21pt July 
' 1914. 

Do. 

Do. , 

(74) Maung Kyaw Din . 

Do. 

P.L. 

1,428-48 

! Ist August 
1914. 

Do. 

Do. . 

(75) The Great Tenasse- 
rim Coal Mining Syn- 
dicate, Ltd. 

Coal . 

P.L. 

2,362-88 

' 15111 August 
, 1914, 

Do. 

Do. . 

(76) Messrs. Wightraan 
A Co. 

All mincralK (ex- 
cept oil). 

P.L. 

1,.550 

26th August 
1914. 

Do. 

Do. . 

(77)SitEwet . 

Do. 

P. L. 

1,373-28 

i 24tli July 

1 1914. 

Do. 

Do. . 

(78) E. Alun^ . 

Do. . 

P.L. 

(renewal). ; 

2,749-44 

1 27 th July 

1 1914. 1 

j 6 months. 


f . I^, » Fn9pectin0 JWcwwfl. M, L. =Minin(j IjmM. 
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DrsiBior. 

Mcraiil . 
Do. . 

Do.*. 

Do. , 
Minbu . 

Do. . 


Orantee. 


Do. . 
Do. . 

Do. . 


(79) Saw Leng Lee 


I) Mchstb. Moola 
Dawood SonH A Ck). 


(81) E. Ahmed . 

(82) Maung Ne Gyi 
(88) Manng Snlng ' 
(84) Dadar Soomar 


(85) Captain K. Fenton 

I (80) Messre The British- 
Burma Petroleum Co., 
Ltd. 

(87) Mr. H. P. Cameron 


Mineral. 


All minerals (ex- 
cept oil). 

Do. . 


Do. 

Do. 

Mineral oil . 
Do. . 


Nature of 
grant. 


P. L. 
(renewal). 

P. L. 
(renewal). 


P.L. 

(renewal). 

P. L. 
(renewal). 

M. L. 

P. L. 


Area 

in acrea. 


Do. 

Do. 

Do. 


i P.L. 

, (renewal). 

P. L. 
(ri'iiowal). 


, P.L. 

1 (renewal), 


Do. . 

. , (88) Mauiig Talk Oyi . 

Do. 

. P.L. 

, (renewal). 

201 

1 

1 

Do. 

Do. . 

. (89) Messrs. The Manset 

Co., Ltd. 

Do. 

P. L. 
(renewal). 

522-24 

! 14th Novem- 
ber 1013. 

Do. 

Do. . 

. (00) EUahi Buksh 

Do. 

. P. L. 

860 

1 2lBt February 

1 1914. 

Do. 

Do. . 

. , (91) Maung Twa . 

1 

Do. . 

. P. L. 

640 

! nth April 

, 1014. 

Do. 

Do. . 

. (02) Maung Lu Pc 

1 

Do. 

. P. L. 

1 

1,920 

, 22nd May 

1 1014. 

4D0. 

Do. , 

. 1 (03) Maung Nc Dun 

1 

Do. . 

. , P. L. 

, (renewal). 

820 

, 2od May 1014 Do. 

Do. , 

. i (04) Messrs. The British- 
j Burma Petroleum Co., 

' Ltd. 1 

Do. 

. , P; L. 

' (renewal). 

! 

440-32 

' 27th Novem- 
ber 1913. 

Do. 

Do. . 

. j (95) Do. . , 

Do. 

. ‘ P. L. 
j (renewal). 

174 

20th Novdin- 
ber 1913. 

Do. 

Do. 

. ‘ (96) Do. 

1 

Do. . 

. ' P. L. 

; (renewal). 

640 

7th December 
, 1013. 

Do. 

Da . 

. j (97) Maung Talk Qyi . 

Do. . 

. P. 1. 

1 (renewal). 

27-W J 

, i 

28th JanuBiy 
1914. . i 

'‘Do< 


60-48 

3.140-G3 

2,316-80 

3,200 

78-69 


Date of 
commence- 
ment. 


2nd Septem- 
ber 1014. 

24th Sept< 
her 1014. 


Terni. 


6 months 
1 year. 


30th October | 0 montlifl. 
1914. 

6th December Do, 
1014. I 

2nd March , :10 yoaw, 
1011 . 


355‘84 ' 30th January l year. 

acrea(w(*tcrn 1914. 
half of 17Ii. 
southern por*. 
tion of 17N. ! 
and northern , 


portion of I 
18N). 


2,660 I 27th August Do. 
I 1918. 

I 

014-40 i 17th December Do. 
; 1913. - , 


493 ' 2.3rd October Do. 

acres (Block ' 1913. 

20P). 


F;L.sPnupeetingliMtW, U.L.a Mining Um, . 
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DIBTBIOI. 

Grantee. 

Mineral. 

Nature of 
grant. 

Area 

in acres. 

j Date of 
commence- 
ment. 

Term. 

Minbu . 

1 (98) Mossra. Tho Indo- 
Durma Petroleum Go., 

1 Ltd. 

Mineral ml 

P. L. 
(renewal). 

320J 

I ! 

5 T 

|l year. 

Do. . 

Do. . 

(99) Maung Tun Aung 
; Gyaw. 

! (100) Abu Bucker 

j Do. 

Do. 

P. L. 
(renewal). 

P. L. 

1,290-5* 

t)i50 

1 28th Febmarv 
! 10] 4. gl 

i ^ 

i 27lh .Inly 1914 

Do. 

Do. 

Do. . 

1 (101) Messrs. M. P. 

1 Bhyincah & Go. 

Do. 

P. L. 

640 

' 13th Novem- 
, her 1913. 

Do. 

Do. . 

i (102) Maung Po Eln • . 

1 

i 

Do. 

P. L. 

320 j llMi October 

acres (W(!st- 1 1014.J 
eni h.'ilf of 1 

Block ns.ot i 
the Minhii | 
oil Held). : 

Do 

1)0. . 

(108) Messrs. M. £. 
Bhymoah & Co. 

i 

Do. 

1 IM. 
(renewal), 

040 ' 131 h Novem- 

acres (eastcrij ber 1914. 
half of Block | 

5N. and | 

western hall 
of Block 38. 
of the Minbu ; 
oil Held), 

Do. 

Myhigyan 

! (104) Dntwh-Bunna Pe- 
troleum Co., Ltd. 

1 

1 

Do. . 

r. L, 
(reneM'al). 

640 

acres (Block 
62N. in the 
Siugu ml 
Held). 

1 J2th July 1914 

Do. 

Do. . 

1 (105) M.inng Tan Aung 
Gyaw. 

Do. 

P. L. 
(renewal). 

208-10 

4tli Soptem- 
' bei 1914 

Do. 

Myitkyiua 

! (106) Mr. M. W. Halley 

Gold . . . 1 

1 

P. L. 

4,940-8 

Hth January 
. 1914 

Do 

Do. . 1 

(107) Mr. D. L. Cramer . 

Do. 

P. L. 

1,280 

2.M.II May 1914 

Do. 

Do. 

(108) 1)0. 

Do. 

J*. L. 

J,280 

Do. 

Do. 

Do. 

(109) Do. 

Do. . 

P. L. 

960 

Do. 

Do. 

Do. 

1 (110) Mr. H. A. Hnldwiii 

Gold, platiiium 
and iniiiemls of 
platinum group. 

V L. 

(renewnl). 

4.S0(' 

JOth Dciein- 
ber 1913. 

Do. 

Do. 

(111) Mr. A. 11. Ober- 
lander. 

Copper, sil>cr and 
iron. 

r. L. 

C40 

KJlli July 1914 

Do. 

Do. 

(112) Mr. B. A. lliildwiu 

Gobi and allied 
iiiineraJs. 

P. L. 

3,000 

13tli AugJst 
I9J4. 

Do. 

iVoithern Shan 
States. 

(113) likiin Hseng Awn 

Lead, .'silver and 
allied metals. 

P. L 

(n-ncwal.) 

040 

nth Mapeb , 

1911. 1 

iJU. 

Do. 

(114) Mr. A. 11. Ober- 
landcr. 

Gold, silver, lead, 
iron and zinc. 

P. L. 

3,200 

Oth April 1914 | 

j 

no. 

Do. 

(115) Mr. L. Borni 

Copper, galena and 
allied minerals. 

P.L. 

2,560 

’23rd July.' 
1914. 

Do. 

Do. 

(116) Saw Hkc, Hsipaw 
Sawbwa. 

Antimony, lead 
and silver. 

P. L. 

2.560 , 

1 

1 

2.jth Novem- i 
bor 1914. 1 

Do. 


V.h.^Pfospcctiftij hieerM. M hoc Minimi leai'e- 
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District. 

Uraiitcc. 

Mineral. 

1 Nat lire of 
; grant. 

1 

{ Area 

, in acres, 

! 

! Date of 

1 eommeneo- 
1 tfnent. 

Term 

PakOkku 

(J17) Mr. J. C. Crosa 

Mineral oil . 

' P. L. 

1 2,000 

1 18th March 
1914. 

1 year. 

Do. . 

(118) Mrasra. Tlio Diirmu 
Oil (Jo., Ltd. 

Do. 

; M. J.. 
j (renewal). 

1 248 222 

acies (State 
oil wells, 
Yennngynt). 

, 1st October 
; 1912. 

Up to 31 sf 
J U i y 
1920. 

Do. . 

(119) Mcaara. The liulo- 
Itiirni.i JVtrolcuni 

Oo , Ltd. 

Do. 

: V L. 
(reni'wal). 

1,440 

acres (easter 
halves of 

IlloekK 20 ,‘iii( 
' 21 and cer- 
tain adjoin- 
ing area). 

' 17th October 

1 1913. 

1 

1 

1 

1 year 

Do. . 

(120) Mes-sra TJio Nath 
Singh Oil Co., Ltd. 

Do. 

V. L. 
(ivneual). 

1,920 

: 24tb January 
i 1914. 

Do. 

Do. . 

(121) idossra, Tlic Indo- 
Duniia I'etrolouin Co , ' 
Ltd. 1 

Do. 

1* L 

(renewal). 

744- 90 
(east of 

Blocks 19. 20 
and 21, 

Ycnangyat). 

, Stii xMareh 
1914. 

Do. 

Do. . 

(122) Moaara. The liurnia 
on Co., Ltd. 

Do. 

P. L. 

Bloek D 2 in 
Ycnangyat. 

1 24th July 
. 1914. 

Do. 

Do. . 

(123) Mosars 'I’lic Nath 
Singh Oil Co , Ud. 

Do. 

P. L. 

(renewal). 

12,'.)(i0 

7th Pehruary 
' 1913. 

2 years. 

Do. . 

(124) Messrs. ThoDiinna 
Oil Co., Ltd. 

Do. 

P. L. 
(renewal). 

2,500 

; 22nd .July 
1914. 

1 year. 

Do. . 

(12rD Messrs 3’he Jndo- 
Ihirmiv l*ctrok'uiii Co , 

1 Ltd. 

Do. 

P. 1.. 
(ri'iiewnl). 

1,410 

acre's (eastern 
halves of 

Blocks 20 

' and 21 , 

, Yeiiangyat). 

! 17tli October 
, 1914. 

i 

1)0. 

Do. 

Do. . 

1 (120) Messrs Thi! llrifisli- 
1 liuriiia J^ctrok'um Co., 
Ltd. 

1 (127) Do. 

1)0. 

Do. 

1*. L. 

(renewal). 

P. L. 
(nniewal). 

014)0 

i 

' 201 
' i 

1 23rd July 

j 1914. 

1)0. 

i 

Do. 

Do 

Do. . 

(128) The Mvalng IMro- 
luum S\udiciite 

Do. 

M L. 

; H;)0 

1st July 1913 

30 years 

Do. . 

(129) ]\reH.srs. Tho Nath 
Singh Oil Co., Ltd. 

Do. 

p.L. . : 

3,840 

28th October 
1914. 

1 ycai . 

Do. . 

(139) The Slngu Dumm 
Oil Syndicate. 

Do. 

P. L. 

Two pieces of 
land ineasur- 
ing 76’80 
acres and 
371 20 arres. 

34th Novem- 
ber 1914. 

Do. 

Promo . 

(131) Maung Oyl . 

Do. 

P. L. 
(renewal). 

1.8C2-4 

5t.h March 
1914. 

Do. 

Shwobo . 

(1.S2) Messrs. Tho Indo- 
Burma Petroleum Co., 
Ltd. 

Do. 

P. L. 

1 

1 

3,424 

19th February 
1914. 

Do. 

Do. • 

(133) Mr. A. D’ortez . 

All minerals (ex- 
cept oil). 

p.L. .| 

3,200 

.30th June 
1014. 

Do. 


P. L.m L tcoife. M.L.vAfimn9 Lem* 
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DrSTRIOT. 

1 Oianteo. 

Mineral. 

Mature of 
grant. 

Area 
in liens. 

Date ()1 
coinmeiiee- 
meut. 

Term. 

SGiitlicrn Shan 
still es. 

’ (134) Mr. a. E. Smith . 

Wolfram and 

other minerals 
(I'.vcept mincTal 
oil). 

P.\lu 

3,010 

15111 June 
1014. 

1 yoai, 

J)o. . 

(135) Mr. A. C. Marlin . 

1 

Wolfram, tm and 
oMu’i mluoiais 
(except mmcral 
oil). 

P.IL. . 

3,200 

15tli May 1014 

Do. 

Do. . 

(130) Ko Law Pan 

All mlncralH (ex- 
cept oil) 

P. 1.. 

31)0 

21st Aiigu&t 
1014. 

Do. 

Do. 

, (137) Do, ' . 

Do. 

V. L. 

],(i0() 

4Mi Septem- 
ber JOJ*. 

Do. 

Do. . 

i (138) Mr. L. Dorm 

1 

Antimony and 
allied minerals. 

P. L. 

040 

2t)tJi August 
101 J. 

Do. 

Do. 

' (130) Mr. John Teriidnip 

Wollram, tungsten, 
gold, Loilena, 

copper and tin. 

P. L. 
(reiB'WOl ). 

3,200 

30th JiiKO 
1011. 

Do. 

Do. . 

1 (140) Do. . 

Do. 

P, L. 
(renewal). 

2,720 

J5th July 
J014. 

Do. 

Tmoy 

(141) E. Ahinod . 

All minerals (e.v 
eept oil) 

P. J.. 

3,078 20 

20th Jumuiry 
1011. 

Do. 

J)o. 

(14ii) 3lr H. Crawshiiw . 

Do. 

P. L 

3,100 

I4th l''ebrnary 
1014. 

Do. 

Do 

1 (143) En Shwe Swc 

Do. 

P. L. 

1,057 84 

10th March 
1014. 

Do. 

Oo, 

(144) Maiing Lu Pc 

Do. 

J'. L. 

^ 700 

18th February 
1014. 

Do. 

Do. . 

i 

i (145) Mr. S. Criiwslitiw . 

Do. 

P. 1. 

! 3067 

Mth I’cbruury 
1914. 

Do. 

Do. 

(140)MuTliaw . 

Do. 

P. L. 

430 

Uh February 
1014, 

Do. 

Do. 

(147) Mr. U. E. Elbiirn . 

Do. 

P. i.. 

010 

20tli Febiiiary 
1011. 

6 mouths. 

Do. . 

(148) Miiung Ni . 

Do. 

P, L 

! 

3,1 2‘< 

2iul March 
1011. 

1 yttir. 

Do. . 

(149) Leibaoak Syndicate 

Do. 

P. L. 

3,135 

28th February 
1914 

Do. 

Do. 

' (150) Lim Kywc Yaii . 

i 

Do. 

J’. 1.. 

1,700 

4tli Marcli 
1914. 

Do. 

Do. 

1 

i (151) Kyong Nga . 

Do. 

P. L. 
(renewal) 

2,816 

27th 3Iay 1913 

Do. 

Do. . 

1 (152) Khoo Tun Byau . 

Do. 

P. J.. . 1 

(renewal). 1 

2.313 

IDtli August 
1013. 

Do. 

Do. . 

Do. . . 

(153) Eganl (Tavoy) 
Milling (Jo., Ltd. 

; (154) Teong Shwc SiA . 

Do. 

Do. 

P.L. 

(icnowal). 

P. L. 

(renewal). | 

2,430 

1,132 

1st December 
1913. 

8tli December 
1913. 

6 moiiUis. 

3 months. 


P, L.^frt»peciitt0 Lieetue, M. L.i»Afw»w 
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DiflTWOT. 

OrantoB. 

Mineral. 

Nature of 
grant. 

Area 

in acres. 

Date of 
commence- 
ment. 

* 

Term 

Tavoy 

(155) Ont? Hoe liyin . 

All minerals (ex- 
eepr oil). 

P. L. 
(renewal). 

822 

23rd Decem- 
ber 1913. 

1 year 

Do. 

(150) Mesara. Tim Tonas- 
serliii ConccasiOTi:^ Ijtd. 

Do. 

P. Ji. 
(renewal). 

l,()ll-2 

3rd January 
1914. 

Do. 

Do. . 

(1,57) ]\I('rtf,rs. Tlu* II cr- 
iniUKvi Mining (*o , 
Ltd. ' 

! 1)0. 

1 

1 

P. L. 
(r(‘iifiwnl). 

2.099 

23rd Decem- 
ber 1913. 

Do. 

Do. . 

(1.58) Mc^s^.s. Tlir 

llaiiuooii AlinljiK t’o , 
Ltd 

! Do. 

1 

1 

1 

P. L. 

(rencMal). 

3,200 

24tli Decem- 
ber 1913. 

3 mouths 

Do. . 

(159) Messrs Tlic Jliiniiii 
Malaya Mjiks J.td. 

i Do . . 

i 

1 

P. L. 
(renewal). 

2,400 

29tli Decem- 
ber 1913. 

1 year. 

Do. . 

(ICO) Mr V. 0 I’itzlmr- 

luTt. 

i Do. 

1 

1 

P. L. 
(renewal). 

820 

81st October 
1913. 

Do. 

Do. . 

(I()j) Mr. S Crawsliaw . 

I 

Do 

P. L. 
(renewal 

620 

,8r(l January 
1913. 

y. M 1 ). 

1 9 21 

Do. . 

(lO'i) M«'ssrs Tim 

KaiiKoou Milling Co., 
Ltd. 

Do. 

P. L. 
(renewal) 

j 3,200 

24th March 
1914. 

0 mouthi>, 

Do. . 

(16:i) Ma 'lhaw . 

1)0. 

P. L. 
(renewal). 

850 

19th Novem- 
ber 1913. 

9 months. 

Do. . 

(104) Mr. tl. 12 Elburn . 

1 

; Do. 

1’. L. 

(lencwal). 

3,100 

28ih April ' 
1914. 

1 year. 

Do. . 

(105) Lini 8hain . 

Do. 

P L. 

1,000 

2nd Septem- 
ber 1914. 

Do. 

Do. . 

(100) Mr V. (}. Eiizher- 
beit. 

Do. 

P. L. 

1,000 

i7th August 
1914. j 

Do. 

Do. . 

(107) 0. Soo Don . 

Do. 

P. L. 

583 

8tli Septem- 
ber 1914. 

Do. 

Do. . 

(1G8) Messia. Eadelitf 
(V Co., I;td. 

Do. 

P. L. 

300-5 

22nd July 1914' 

Do. 

Do. . 

(109) Messiti. The IJiinna 
Malaya Mines Ltd. 

Do. 

P. L. 

1,544 

19th August 
1914. 

Do. 

Do. . 

(170) Messrs. Crai^shaw 
arul Quail Cliciig Giian. 

Do. 

P. L. 
(renewal). 

9.55 

22nd Alarch 
1914. 

Do. 

Do. . . 

(171) C. 11. (HJlJlJaii . 

Gold and tin 

P. L. 
(renewal). 

2,172 52 

25th Novem- 
ber 1913. 

Do, 

Do. • 

(172) M'Nsrs Ba Tliaung 
Bros & Co. 

All minerals (ex- 
cept oil). 

P. L 

(lenewal). 

274 

22iul January 
1914. 

Do. 

Do. . 

(173) Messrs. The Burma 
Malaya Mines Ltd. 

Do. 

P. L. 
(renewal). 

2,710 

13th January 
1914. 

Do. 

Do. . 

(174) KoMaungGyi , 

Do. 

P. L. 
(renewal). 

455 

19th February 
1914. ; 

Do. 

Do. . 

(175) Maung E. /dnl . 

Do. 

P. L. 
(renewal). 

1,000 

22nd July ' 
1914. 

Do. 


F« L. ■ PrwpectiTig M. L. « Mining Lease. 
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DISTBIOT. 

Grantee. 

Minoiul. 

1 

Nature of j Area 

grant. in arres. 

Date of 
nnnincm’c- 
ment. 

Term. 

Tavoy . 

(176) Messrs. The Egani 
^voy) Mining Co., 

All minerals (ex- 
cept oil). 

P. L. 
(renewal). 

a.-'ico 

1 22ll(J July 

1 J914. ‘ 

6 months . 

Do. . 

(177) Messrs. The 

Tenasserim Concessions 
Ltd. 

1)0. 

P.L 

(ri'iiowul). 

' 041) 

! l‘)th Jiiiuj 

1 19M. 

1 year. 

Do. . 

(176) Messrs. M. A. 
Tiangan and D. P. G. 
flelvey. 


1)0. 

P. L. 

1 737 

1 

I 12ili Nov cm- 
1 1914. 

3 months. 

Do. 

(179) San fialug Tin . . 


1)0. 

P. L. 

2,100 

1 20th Oel oiler 
1014. 

1 year. 

Do. 

(180) Messrs. A. C. Martin 
and C. H. doPaulseu. 

Do. 

P. L. 

766 

* 6U> December 
1014. 

Do. 

Do. . 

(181) Maung Ki Toe . 


Do. 

J’. L 

■ 1,375 

1 

22ikI Drccin* 
ln>r 1914. 

Do. 

Do. . 

(182) Maung Lu Po 


1)0. 

P. L. 

i 780 

1 

1 

41 h December 
1014. 

Do. 

Do. . . 

(183) Mr. 0. E. Elburn . 


Do. 

P. h. 

1 

20tli Novem- 
bor 1914. 

Do. 

Do. 

(184) Tan C^hong Yean . 

I 

Do. 

P. L. 
(renewal). 

275 

9th November 
1914, 

Do, 

Do. . 

(185) Mr. W. H. Edwards j 
of Messrs. Watkins & i 
Co., Calcutta, the 
Trustees for Messrs. 
Turnbulls Ltd. (Glas^ , 
gow) and the Leibaoak 
Syndicate. 

Do. 

P. L. 
(renewal). 

2,409 

22iid May 1914 

Do. 

Do. . 

(186) MooUa Gollam 

Mohamed. 


Do. 

P.L. 

(renewal). 

2,320 1 

23rd Juno 
1914. 

Do. 

Do. . 

(187) Mr. G. E. Elburn . 


Do. 

P. li. 
(renewal). 

910 

1 

19th August 
1914. 

0 months. 

Do. . 

(188) Messrs. Ung Kyi 
Fe Bros. & Co. 


Do. 

P.L. 

(renewal). 

279 1 

16th Septem- 
ber 1914. 

1 year. 

Do. . 

(180) Ung Uoe Kyln . 


Do. 

P.L. 

(renewal). 

238 

5th Novem- 
ber 1014. 

Do. 

Thatdn . . 

(190) M. Ah Khee 


Do. 

P. L. 

20>()d 

2nd January 
1914. 

Do. 

Do. . 

(101) Maung Seln Swe . 


Do. 

P.L. 

3,840 

2nd Novem- 
ber 1913. 

Do. 

Do. . 

(192) Maung FoTba . 


Do. 

P. L. 

3,008 

12th October 
1914. 

Do. 

'^bayotinyo . 

(193) Ellahl Buksh 

Mineral oil . 

P.L. 

1,280 

20th Decem- 
ber 1913. 

Do. 

Do. 

(104) Mr. J. A. Murray . 


Do. 

P.L. 

(renewal). 

3,840 

26th Novem- 
ber 1913. 

Do. 

Do. 

(195) Messrs. The Burma 
oil Co.. Ltd. 

Petxoleum . . | 

P.L. 

(renewal). 

1,920 

26th AprU 
1914. 

Do. 


T,L.mPro9peeHng Ueenie. ll.L.»Minino Leau, 
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DiBimcT. 

(jlriuitcc. 

Minml. 

1 

Naliirt* of 1 
gianf. ; 

Area 

111 acres. 

Date of 
cummencp- i 
^nent. 

Term. 

Thayt'tmyo 

(IJifi) Mchsrs The llrilish- 
Ilnrrnu i’ctroli'iim Co., 
M(l 

Pc’linh'um . 

. I* L 

(niru'wal) 

1 

04 72 

22iul May 
1914. 

1 ycuj. 

Do. 

(107) AImi lliickcr 

Do 

. V L. 

1,920 

24th Juno 
1914. 

Do. 

Do. 

(108) IsiiiJiil Alton Aliiiu'tl. 

Do 

. JM 

1,920 

9tli Juno 

1914. 

Do. 

Do. 

(10')) AIi'sms Tlio lUiniiii 
Oil Co., UA. 

Do 

. P. L. 

040 

Do. 

1)0. 

])o. 

(!i()0) Do. 

Do 

. P J. 

1,440 

28th August 
1014. 

Do. 

Do. 

(1101) HlaiinR Tun . 

Do 

. P. 1. 
(rnicwal). 

222 80 

13th Decem- 
ber 1913. 

Do. 

Do. 

(11(12) AT(’».srs. 'I’lic Ilurma ' 
Oil Co , Ltd. 

Do. 

. P. L. 

(rpiioAval). 1 

9C0 

6th June 1014 

Do. 

Do. 

(2().i) 1)0 

Sliiicnil oil . 

. P. Ji. 

:),840 

24th Septem- 
ber 1914. 

Do. 

lippor (;i»iiuD\in 

(201) iMcsm!' Tiio Indo- 
nurniJi l’»'trol(!Uiii Co , 
Ltd. 

Do. 

. J’ L. 

(rpiiCMal). 1 

11,520 

12th Septem- 
' ber 1913. 

Do. 

Do. 

(20r>) Do. 

Do. 

.PL 

(nnoHal). 

12,800 

Do. 

Do 

Do. 

(20(i) Do. 

Do. 

. p. L. . ; 

(i(‘ni‘wal). 

12,800 

12th Soptem- [ 
ber 1914. { 

Do 

Do. 

(207) Do. 

Do. 

. P L. 

(renewal). | 

11,620 

Do. . i 

; 1 

Do. 

Do. 

(208) Do. 

Do. 

. P. L. 

(renewal), i 

y,200 

1st October i 
1914. 1 

Do. 

Do. 

(209) Do. 

Do. . 

. J>.L. 

(renewal). | 

■ 1 

3,200 

Do. . ; 

i ! 

Do. 


OENTEAL rEOVJNCES. 


Dalaghat 

(21U) Dalni K'ripa 

Sliaiikn. 

Man^nese . 

r 

p. 1.. 

64 

17th J uuo 
1914. 

1 year 

Do. . 

(211) S(‘tli Kamchandra 

Do. 

P.L. 

62 

16th May 1914 

Do. 

Do. . 

(212) 1)0. 

Do. 

P. L, 

1)1 

Do. 

Do. 

Do. . 

(213) Mi',ssrs. Laibcharl 
Narayuiidas and Kuin- 
charan ShankiTlal. 

Do. 

M. L. 

25 

24 th June 

1914. 

30 yean-. 

Do. . 

(214) Mr. Jlyrainjl 

Pestonji. 

Do. 

M. L. 

25 

7th August 
1014. 

Do. 

Do. . 

(215) Dubu Krijja 

bliaiilvLT. 

Do. 

i 

P. L. 

126 

14th Septem- 
ber 1914, 

1 year. 


P. L.k Prospecting License, SI. 'L,uiMmng Um, 
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J)13TRIC1’. 


Giuntcc. 

Miiu-rnl. 

Nature of 
grant. 

I 

1 .Area in ai-res. 

Date of 
coninienco. 
inont. 

Term. 


. 

(210) Cuiiti'iil India 

Mining Co , 1>(J 

M‘ingan(‘>j|' . 

V. L 

' 

l.’)0 

mil SepUin- 
ber Kill. 

1 year. 

!)o. . 


(217) Mr. P. C Dutfc . 

llaiixiU 

L. . 

S,‘J78 

Do 

Do. 

IJo. . 


(218) Mpsm'S. Dalbeliari 
^ur.iyaTidas and K.iin- 
cltaivui SiKinkorlal. 

Mani;.uu'bc . 

M L 

4. 

:><itli .June 
101 1 

r> years. 

Do. . 


(21ii) Indian Mang.inosc 
Co, J.fd 

Do 

1‘. 1. 

,1 

.tUl Oiloliei 
]<IN 

1 )Li\T. 

lic(ul 


(220) U.io Dahiulin 1)..R. 
^hrikliando and illi. 
15. J.. llai. 

Jlii a . 

1’ 1.. 


Mill M.iy 

JOM. 

Do. 

JJO. . 


(221) Shaikh ShalialMidd in 

Do. 

P. 1. 

71 

171)1 Difoher 
1011. 

Do 

IJo. . 


(222) Do. . 

Co|)|)cr 

V. L. 

J47 

Dill November 
lOM. 

Do. 

liliaiKlaia 


(223) Mr lJ>i'uinj(ie 

l‘cstoiiji. 

Manganese . 

M.L. 

18 

JKh Oeloher 
101,1. 

Will ev- 
piro with 
the ongm- 
II 1 lease, 
dated the 
12tli April 
lOl’i, to 
whieh it 
is .siippld- 
meiilary. 

Do. . 


(221) Do . , ! 

Do. . . i 

J‘. L 

(renewal) 

13 

l:Jlh Dmm* 

! her 1013. 

i 1 yi'ar. 

j 

Do. . 


i (225) both Gowurdhun- 
' das. 

Do. 

P. L 

(renewal) 

!)7 

12lh MarUi , 
1014. ; 

' 1 
' 

' 0 inniitlis. 

Do. . 


1 (220) Sir Kablurdiand 
Dnga, K.(M.IC. 

Do. 

P. L. 

8.> 1 

22iid Apill 
1014. 

1 year. 

Do. . 


(227) Seth Gowardlian- 
das. 

Do. 

P. L. 

DO 

Do. 

[ 

Do. 

Do. . 


' (228) Do. 

Do. 

P. 1. 

■17 

Do. 

, Do. 

Do. . 


(220) Mr. T. D. Pam- 
chaudra !Naidu. 

Do. . . : 

1 

P. L. 

122 

21t.h April 
1011, 

Do. 

Do. . 


(2.30) Nagnur Manganese 
Mining Syndicate. 

Do. 

P. t. 

4b2 

6th Juno 1 

1914. 

Do. 

Do. 


(231) Messrs. Lai Echarl 
Narayan Das and Hain- 
cbaian Slrnnkcr lal. 

Do. . . ! 

' 

P. L. 

1 

f)7 

2!)th Juno ' 
1911. 

Do 

Do. . 


' (232) Sctli Go^'ardhan- 
dae. 

Do. . . 1 

1 M. L. 

54 

29 th May 

1911. 

30 years. 

Do. . 

• 

(238) Mi. Byranji Pes- 
tonji. 

Do. . . ' 

i M. L. 

75 

2fltli June ! 6 years, 
1914. 1 

Do. j 

• 

(234) Setli Govardhan' 
das. 

Do. . 

P. L. 

270 

2nd July 1914 

1 year. 


P. L. - Prospecting License. M.L.-M ining Lease. 
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CENTEAL PROVmCES-conid. 


Distetct. 

! 

i Graiitoc. 

1 

1 

Miiieral. 

Nature of 
grant. 

Area in acres. 

Date of 
conimciice- 
ioent. 

Term. 

IMi.aiidara 

1 ' “ 

1 (235) Seth Mahadeo . 

Alangaiieat! . 

P. L. 

200 

3rd August 
1014. 

1 year. 

Do. . 

1 (23fl) Do. . 

Do. 

P.L. 

47 

Do. 

Do. 

Do 

' (237) Bai Saliib J). L.ik- 
tihiniDurayan. 

Do. 

P. L. 

05 

13tli August 
1014. 

Do. 

Do. . 

(2:W) jMi Dyraniji IVs- 

1)0 

P. L. 

10 

4th Septem- 
bei 1014. 

Do. 

Do . 

(239) Seth (jovardliaii- 

(l<IH 

Do 

P. L. 

68 

25th Septem- 
ber 1914. 

Do 

Do. . 

(240) Seth .MalKi(l (‘0 

Do 

P.L. 

22 

8th August 
1014. 

Do. 

Do. . 

(241) Central India Aliu- 
inji Co., LUl. 

Do. 

P. L. 
(renewal). 

19 

28tli August 
1914. 

2 years. 

Do. . 

(212) NuKpur Mnni>im(W 
Aiming Sjuduate. 

Do. 

P.L. 

33 

2.3rd October 
1014. 

1 year. 

Do. . 

(243) Alenbrs, l/jilheluiri 
WarayaiKlus and Dam- 
eharan Sliunkarlal. 

1)0. 

P. L. 

2 

4tb Decem- 
ber 1014. 

Do. 

J)o. . 

(244) iSethAlahadeo 

Do. 

P. L. 

602 

1 

18th Novem- 
ber 1914. 

Do. 

Do. . 

(245) Moth Gowardhan- 
dab. 

' Do. . . 

P. L. 

97 

101 b Novem- 
ber 1914. 

Do. 

Dilabjiur . 

(240) Air. W. J. Consi- 
dine. 

(kial and Iron 

P. L. 
(renewal). 

11,623 

26th March 
1014. 

Do. 

Chanda . 

(247) Mr 11 Venna and 
Alunshi K'anhaiya Lai. 

Coal 

P. L. 

7,064 

20 th Juno 

1014. 

Do. 

Do. . 

(248) Mulla IJasan All 
Matliiibhoy. : 

Do. 

P. L. 

4,005 

2nd June 1014 

Do. 

Do. . 

(249) Mr. Alusihyalu 

Venkat JD'iblmiah. | 

Copper 

P L. 

082 

16th Decem- 
ber 1914. 

Do. 

Chhiiidwara , 

(250) Air. M. B. Dada- 
bhoy, C.l.E. 

Alanguncsc. 

P.L. 

(renewal). 

58 

27fch Decem- 
ber 1913. 

2 months 

Do. . 

(251) Do. . 

$ 

Do. 

P.L. 

(renewal). 

150 

20th Janu- 
ary 1914. 

Do. 

U<i. . 

(252) Air. (1. Vciiiiii and 
Alunshi Kunhaiya Lai. 

Coal 

P. L. 

1,048 

1st June 1014 

1 year. 

Do. . 

(253) Do. . 

Do. 

P. L. 

6,405 

23rd July 
1014. 

Do. 

Do. . 

(264) Do. . 

Do. 

Al. L. 

376 

26th August 
1914. 

80 years. 

Do. . 

(255) Alessrs. II. V. Low | 
& Co. 1 

Do. 

AT. L. . j 

1 

270 

16th July 
1014. 

Do. 


P. L.=:Pru8pectin(j License. M. L.=Afminff Lease. 
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CENTRAL PROVINCES^n«i. 





, 





DISTRICT. 


Orantce. 

Mineral. 

Nature of 
grant. 

Area In acres. 

Date of 
commencc- 
meiit. 

Term. 

( iiiiiiuJwara 

. 

(256) Indian Mangauesn , 
Co., Ltd. 

Manganese . 

M.L. 

4 

18tli Kovom- 1 Will ex- 
bor 1914. ; pire with 






1 

the origi- 
nal lease, 
dated the 
6th Feb- 









ruary 







1 

1904, to 
which it is 



' 




j 

i 

supple- 

mentary. 

1)0. . 


(267) MeBSTfl. ShaW|Wal- | 
lace & Co. 

Coal . . , 

P. L. 

1,193 

Ist October 
1911. 

1 year. 

1)0. . 


(268) Mr.' H. Vcrma and 

Manganese . 

?. L. 

164 

13tli Soptcni- 

Up to 30fh 


Muiishi Kanhaiya Lai. 

(renewal). 

1 

l)iT 1014 

Juno 1915. 

1)0. , 


(259) Do. . 

Coal 

P. L. 

618 

22nd October 
1014. 

1 year. 

Do. . 


(200) llon’blc Sir 

Manganese . 

P.L. 

142 

10th October 

Do. 


KaHtiuchand Daga, 
K.C.I.B. 




1011. 



Jiiblmlpore 


(201) Mr. S. 1’. Dutt . 

Munganose, mica, 
liauxite, barytes 

V. h. 

5()6 

17ili May 1914 

Do. 




and copper. 





Do. . 


(202) Mr. T. 0. Dutt . 

Bauxite 

P. L. 

67 

3rd May 1914 

Do. 

Do. . 


(263) Mr. George Fores- 
ter. 

Iron 

M. L. 

9 

10th Septem- 
ber 1914. 

21 years. 

1)0. . 


(264) Mr. I’. C, Dutt 

Bauxite 

P. L. 
(renewal). 

1,352 

2i)t>l) August 
1914, 

1 year. 

Do. . 


(266) Do. . 

Iron and Bauxite. 

P.L. 

281 

22rKl October 
1914. 

Do. 

Do. . 


(266) Do. . 

Bauxite 

P. L. 

558 

9th October 
1914 

Do. 

Do. . 


(267) Do. . 

Do. 

P.L. 

1,006 

Do. 

Do. 

Do. . 


(268) Katnl Cement and 
Industrial Co., Ltd. 

Soapstone, steatite 
and Talc. 

P.L. 

112 

14th October 
1914. 

Do. 



(260) Nagpur Manganese 
Mining Syndicate. 

Manganese . 

P. L. . 

(renewal). 

71 

4fch Novem- 
ber 1913. 

Do. 

Do. 


(270) Do. . 

Do. 

P.L? 

(renewal). 

114 

3 let Decem- 
ber 1913. 

Do. 

Do. . 


(271) Do. . 

Do. . 

P.L. 

(renewal). 

SO 

Oih February 
1914. 

Do. 

Do. . 


(272) Do. . 

Do. 

P.L. 

127 

3lBt March 
1914. 

Do. 

Do. . 


(273) Mr. H. Venna and 

Do. . 

P.L. 

200 

12th June 
1914. 

Do. 


Munshi Eanliaiya Lol. 





Do. , 


(274) Messrs. BalibBadra 

Do. 

P.L. 

81 

22nd April 
1914. 

DOk 



Mohanlal. 






P. L. - Fruj ectipg LitfMe. If. L.= Mining Leiue. 
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District. 

1 

Gmiitrc. 

■ Mineral. 

! 

' Nature of 
grant. 

' Area in acres. 

Date of 
comraence- 
'inont. 

Tcnn. 

Nat; pur . 

(1475) Najiiuir MiiiiKanoBC 
Mining; Syndicat.o. 

Maiiguni‘.se . 

. P. L. 

: 

1 

27th April 
1014. 

1 year 

Do. . 

im) ])o. . 

Do. 

. P. L. 

fi() 

Do. 

Du 

Do. . 

(277) ■ Do. . 

Do. 

. V. L. 

8-1 

3rd June 

1011. 

Do 

Do. . 

(278) Iiuli.111 M.uii'iincfsc 
Co., Lid. 

i 

i 

i 

! 

Do. 

. n. L. 

0 

8th Ajiril 

1014. 

Will I'x 
pin- with 
tllO, 01 1.;]. 
Hill ll'USi , 

dali'd ihi> 
8th I'Vli. 

niaiv 

1904, lij 
VlllJCll Jt 

is siippli- 
meutary. 

Do. . 

(270) Mr. r. JlalkiHiiia 
Naidii. 

Do. 

. P. L. 

103 

0th May 1914 

1 year 

Do. . 

(280) Mr. Luksliiiiaii 
Damodar Lclc. 

Do. 

. 1 P. L. 

144 

20th June 
1914. 

Do, 

Do. . 

(281) Do. , 

Do. . 

. j P. L. 

; 130 

let May 1014 

Du. 

Do. . 

(282) Do. . 

Do. . 

.jp.ii. 

i 17 

1 

20th June 
1014. 

Do. 

Do. . 

1 (283) Mcbbts. Gano&tiram 

1 Shcoprutab & Sons. 

Do. . 

. P. L. 

111 

Do. 

Do. 

Do. . 

(284) McBsrB. Uoredutt 
Ganesh Lai and M. 
D'CoBta. 

Do. . 

.,P.L. .1 

28 

3rd June 1914 

Do. 

Do. . 

(28.5) Indian Mangaiicso 
Co.| Ltd, 

Do. . 

.|p.L. . 

j 

231 

30th August 
1014. 

Do. 

Do. . 

(280) Messrs. BaUbhadra 
Mobanlal. 

Do. 

.|P.L. . 

35 

24th July 
1914. 

Do. 

Do. . 

(287) Messrs. Lalbchari 
Narayandas andBam- 
charan Shaiikarlal. 

Do. . 

. ' M. L. 

212 

30th June 
1914. 

3 years. 

Do. . 

(288) Do. . 

Do. . 

. 1 M. L. 

38 

24tli June 
1914. 

10 years 

Do. 

(289) Do. . 

Do. . 

. i M.L. 

1 

224 

26tli Septem- 
ber 1914. 

Do. 

Do. 

(200) Nagpur Manganese 
Mining Syndicate. 

Do. 

. 1 P.L. 

17 

10th August 
1014. 

1 year. 

Do. . 

(201) Do. . 

Do. . 

. 1 M. L. 

41 

8th August 
1014. 

5 years. 

Do. . 

(292 Do. . 

Do. . 

. ' M. L. 

86 

8tb August 
1914. 

Do. 

Do. . 

(203) Do. . 

Do. . 

. 1 p.i. . 

129 

10th August 
1914. 

1 year. 




j 
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DrsriiiOT. 

Oruntec. 

Mineral. 

Natuu' of 
Ri’arit 

Area iii acres. 

Date of 
ooiniiuucc- 
inrnt . 

'J'eriii. 


(294) Mr. Dyramji Pes- 
ioiiji. 

Coal . . 

P L. . ’ 

3H7 

IDD) August 
1914. 

1 y(‘ar. 

Do. . 

(29.5) Jiabu Madhiilal 
DiiKur. 

Manga uesii . 

J*. L. 

72 

Do 

Do. 

Do. . 

(290) Sctii llanichiirau . 

Do 

P. L. 

227 

.'ith August 
1914. 

Do. 

Do. . 

(297) Do. . 

Do. 

P. L. 

(^(Mle^^al). ! 

31 

2;iiil August 
19 M. 

Do. 

Do. . 

(298) Mr. Darirain Siia- 
ram Patel. 

Do. 

J'. L. 

20.') 

24tlj July 

1914. 

Do. 

Do. . 

(290) Mr. T. D. Kuntliaria 

Do. 

P. 1.. 

10 

201, h July 

1911. 

Do. 

Do. . 

(300) Mr. Dakshman 

Damodar Lcic. 

Do. 

P. L. 

145 

7th OctolKT 
1911. 

Do. 

Do . 

(301) Mmra. (iorcdutt 
(jaiieah Lai and M. 
D’C'osta. 

Do. 

P. L. 

90 

13th Nnvem- 
bor 19J 1. 

Do. 

Do. . 

(302) Mr. Lakshinan 
Damodar Lelc. 

.. Do. 

P. L. 

83 

7ih Uctoljcr 
1914. 

Do. 

Do. . 

(30.1) Mr. llainkriahiia 
Puri Oosai, 

Do. 

P L. 

503 

nth No\em* 
her 191 1. 

Do. 

Do. , 

(301) Babu Madiiii Jail 
Dugar. 

Do. . 

P. L. 

177 

12th Decem- 
ber] Oil. 

Do. 

Do. . 

(305) Mr. Jlaiukrlahiiu 
Puri Uosai. 

Uiiicna . . ! 

! 

P. L. 

33 

14th October 
1914. 

Do. 

Do. . 

(306) Do. . 

Do. . I P. L. 

18 

Do. 

Do. 

Do. . 

(307) Do. . 

Do. 

j 

P.L. 

125 

Do. 

Do. 

Do. . 

(30S) Mi. Ukshmuu 

Damodar Lclc. 

Manganese . . ' 

j 

P. L. 

(renewal). ■ 

1 

105 

i 

23rd Augusf, 
1914. 

' 1 months 

9 

days. 

^’iiuar . 

(809) Ilao Bahadur 

Baiaram Sitaram Dik' 
ahit. 

Lead, copper and ' 
silver. ' 

1 

P.C. 

358l 

12th Octolei 
1911. 

1 vear. 

YeoUnal . 

(310) Mr. M. B. 

Dadabhoy, C.l.D. 

Coal . . 1 

1 

M.L. 

1,247 

14th October 
1914. 1 

30 >euis. 


MADRAS. 

licllary • . 

(311) A. Ghoso, Esq. . 

Manganese . 

M.L. 

1,(}09‘30 

1 2nd Pebruary 
1914. 

, 30 years. 

liuntui . 

(312) Do. . 

Iron ores . 

P.L. 

508-08 

6th April 1914 

lyear. 


(318) W. A. Ueardsell, 
Egq. 

Barytes 

M.L. 

5-00 

I 16th Decem- 
ber 1913. 

30 years. 

Do. . 

(314) A. Gboaej Esq. . 

Diamond . 

M. L. 

22-07 

6th April 1914 Do. 


P. L.-PrMjwcOtW Umu. 11. lj.mMininii Um. 
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Dibtriot. 

Grantco. 

Mineral. 

Nature of 
grant. 

Area in acres 

Date of 
enmraence- 
* raent. 

Term. 

Nclloro 

"j 

(3K)) M. R. ll>. Hail.' 
Venkata Subba Jleddi 

Mica 

I M.L. 

40‘60 

2nd Novem- 
ber 1913. 

30 \i‘ars, 

Do. . 

(310) Fred. Cross, Faq. 

j Do. . . 

P.L. . 

1 

51<93 

lOtli July 
1913. 

1 year 

Do. . 

1 (317) M. K. lly. K. Vun 

1 chalu Huddi. 

Do. 

P. L. 

17-76 

20th July 
1913. 

Do. 

Do. . 

1 (318) McSBra. ITajcr 
Miibaminiul Ibid'^hn 
1 8ahib & Co. 

Do. 

M.L. 

6610 

10th August 
1913. 

30 yeari!, 

Do. . 

(310) M. K Rv l‘. 

JCrlHhuaBwuini Muda- 
liyar. 

Do. 

M. L. 

68-31 

10th Decem- 
ber 1013. 

Do. 

Do. . 

(320) M.K. Jiv. iv Scshii 
Ueddi. 

Do. 

1 

P.L. 

* 13‘80 

lOth July 

1013. 

1 year. 

Do. . 

(321) Muhammad Zia- 
uddln Ahmad 8abib 
Anaarl. 

Do. 

P.L. 

12-30 

26th October 
1913. 

Do. 

Do. . 

(322) M. K. By. T. (Jhin- 
koudapa Nayudu. 

Do. 

P. L. 

28-30 

21 st October 
1913. 

Do. 

Do. . 

(323) H. A. Braudt, Faq. 

Do. . 

P. L. 

83-40 

Do. 

Do. 

Do. . 

(824) M. B. By. Y. Gua- 
uamuttu Ifadar. 

i Do. . . 

M. L. 

(patU 1.111(1) 

6 72 

16th August 
1913. 

20 ycaTH. 

Do. . 

(325) Haji Muhammad 
Haiilf Sahib. 

Do. 

P.L. . 

10 74 

Ist October 
1913. 

1 year. 

Do. . 

(320) M. K. By.M.Subba 
Nayudu. 

i Do. 

! 

M. L. 

(patta land). 

80 j 

1 

261 h October 
1913. 

Do. 

Do. . 

(827) M. B. By. Chen- 
chu KrJahoamma. 

' IKi. . . 

1 

M.L. 

(patta land). 

63-22 

16th Decem- 
ber 1913. 

20 years 

Do. . 

(32S) M. B. By. K.Bamo- 
chandrayya. 

: Do, 

! 

P.L. 

10-84 

i 

Slst August 
1913. 

1 year. 

Do. . 

(320) Do. . 

1 Do. . . 

P.L. 

17-96 

Do. 

Do. 

Do. . 

(330) Muhammad Qiilam 1 
All Gulam Iluaalo. 

1 

Do. . . 

P.L. 

80-88 

22nd Janu- 
ary 1914. 

Do. 

Do. . 

(<S31) Shaikh Muhammad i 
Ismail Sahib. j 

Do. 

M. L. . ' 

(patta land). 

5 31 

22nd Novem- 
ber 1913. 

20 years. 

Do. . . 

(332) G. Chenchu Subba | 
Beddi. | 

Do. 

P.L. 

17-17 

17th Janu- 
ary 1914. 

lycor. 

Do. 

(333) B. C. Dyrlauada 
Mudaliyar. 

Do. 

P. L. 

11-30 

21st January | 
1914. ! 

Do. 

Do. . 

(334) P. Veukataiuirapna 
Beddi. 

Do. 

1 

P.L. .1 

j 

75-76 

Ist April 1014 1 

1 

Do. 

Do. . 

(335) Ghulam All Ohulam 
HusalD. 

Do. . 

M.L. . i 

i 

89-88 

1 

Do. . 1 

j 

30 years. 

Do. . 

(336) Sankara Mining 
Syndloate. 

Do. 

( 

M.L. 

[patta land). | 

2-14 

10th March ! 
1914. j 

20 yea^. 


V*L.^PTOtp&sfmUunu. 
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MADRAS — contd. 


!' 

' DISTRIOT. 

Grantee. 

Mineral. 

Nature of 
grant. 

Area 

in acres. 

Date of 
commence- 
lueut. 

Tenn. 

Mlloro . 

(337) Sankara Mining 
Syndicate. 

Mica 

M. L. 

(patta land). 

19-95 

19th March 
1914. 

20 yearn. 

Do. . 

(338) ic. Bangayya 

Chetti. 

Do. 

M. L. 

(patta land). 

312 

9th April 1914 

Do. 

Do. . 

(339) H. A. Brandt, Keq. 

Do. 

r. L. 

D2-i)3 

29tJi Janu- 
ary 1914. 

1 year. 

Do. . 

(340) Mosa Abdul Bahi- 
man Snheb. 

Do. 

M. L. 

(patta land). 

4-72 

lei April 1914 

20 years. 

Do . 

(34 J) M. K. Ry. G. Su- 
brauiaul.‘un. 

Do. 

P. L. 

17 70 

Do. 

1 year. 

Du. . 

(342) Do. . 

Du. 

M. b. 

132-52 

Do. 

30 years. 

Do. . 

(.34.3) Khan Bahadur 

Muhammad Safdur 
lluflHant Khan Sahib. 

Do. 

M. L 

224 73 

Do. 

Do. 

Do. . 

(344) The Saukarii Min- 
ing Syndicate. 

Do. 

M. L. 

05 04 

Do. 

Do. 

Do. . 

(34G) M. B. By. P. V. 
Xrislma lUio. 

.;'Do. 

M.L. 

13-25 

DO. 

Do. 

Do. . 

(34(0 M. R. By. P. Krish- 
iiaBwanii Miidaliyar. 

Do. 

M. b. 

04-80 

1st Octolier 
1914. 

Do. 

Do. . 

(347) M. R. By. P. Ven- 
katanarapa Reddi. 

Do 

M.D. 

103-22 

Isl August 
1914. 

Do. 

Do. . 

(348) M. B, By. P. Kriah- 
naaavmy Mudaliyar. 

Do. 

M. b. 

93-31 

Ist January 
1915. 

Do. 

Do. . 

(349) M. B. By. K. Veiv 
kataranianayya. 

Do. 

M. b. 

24 79 

Ist November 
her 1914. 

Do. 

Do. . 

(3r)0) M. B. By. P. Ven- 
katuraraa Kuyudu. 

Do, 

M.b. 

103 94 

Do. 

Do. 

Do. . 

(3.01) Messrs. 11a jee 

Miiluiinmad Badshu 
Sahib & Co. 

Do. 

M.L. 

20 40 

Jst Angust- 
1914. 

Do. 

Do. . 

(362) M. B. By. P. Ven- 
katarama M ayudu 

Do. 

P. h. 

175 

3th September 
J914. 

1 ycai’. 

Do. . 

(353) M. B. By. V. Kaii- 
nnppa Nayudu. 

Do. 

V. b. 

.9 97 

23Jd Septem- 
ber 1914. 

Do. 

Do. . 

(354) Baja Vasi Beddi 
Sri Chaudramoiiles- 
wara Prasad Bahadur. 

Do 

P. L. 

8-61 

lOdi October 
1914. 

Do. 

Do. . 

(365) Messrs. A. M. Jee- 
vanjee & Co. 

Do. 

P. L. 

,39-02 

22n<l Dccem- 
bei 1914. 

Do. 

South ('anara . 

(350) Mr. Timothy Pinto 

Corundum . 

r. L. 

292-61 

Ist Au^fust 
1914. 

Do. 

Tiiiiievelly 

(367) Sri Krishna Doss 
ot Bikaner oi BaTpu 
tana. 

Garnet 

P. L. 

21-25 

1 

1 

January 1914 

Do. 


P. L.= hiettm, M. L. = Miniing Imm, 
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MADRAS— concM. 


District. 

Orantoo. 

Mineral. 

tl 

Aroa 
in acres. 

Date of 
coinmencc- 
^mont. 

Terra. 

Tinncvplly 

(358) Annavl alian Ay* 
j^ap^pa Nadar of Karai- 

Carnet 

. P. L. 

6'27 

10th March 
1914. 

1 year. 

Do. . 

(359) A. Sankarakumara 
Chettiyar of Xotar, 
Nagarkoil. 

Do. . 

. *M.L. .1 

j (patta land). 

•15 

15th August 
1914. 

Do. 

Do. . . 

(360) S. Samuel Nadar of 
Karatkoil, Naugumen 
taluk. 

Do. . 

. ! M. L. 

, (patta land). 

1 

311 

23rd June 
1914. 

Do. 

Do. . 

(301) T*Ilamaswami Na- 
dar of Karaikoil. 

Do. 

. ' M.L. 

(patta laud). 1 

200 

3rd September 
1914. 

Do. 


PUNJAB. 


Attock . 

(302) 'I'lie Attock Oil Co., Petroleum . 

Ltd., through Messrs. ■ 

Steel Bros. & Co., Ban* , 
goon. 

P. L. 

5,760 

14th Scptein- 
her 1914. 

1 year. 

Do. . 

(303) Do. . . Do. . . 

P. L. 

3,840 

Do. 

Do. 


i\ h. = PrQSpt‘('tinij Lirenne, M. L.^Mxmwt 


SUMMARY. 


rROVINCKS. 

Assam 

Baluchistan 

Bihar and Orissa 

Bombay 

Burma 

Central Provinces 

Madras 

Piinjab 

Totals for rarli kind and (irand Total, 1914 


Prospecting 

! Mining 

Total of eacii 

Licenses. 

j Leases. 

Province. 

5 

j 

f) 

1 

I G i 

7 

10 ; 

4 j 

14 

1 1 


1 

! 

179 

3 

182 

84 1 

17 

101 

23 I 

28 I 

51 


58 303 


Prospecting Exploring Mining 

Licenses Licenses- Leases. 


Total. 



TOTAL FOB 1913 


38.3 


53 


60 


495 
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CLASSIFICATION OF LICENSES AND LEASES. 


Table 31 . — Prospecting Licenses granted in Assam during 1914. 


1 

1 

1 

1911. 

District. 

[ . 

No. 

j Area in 

I acres. 

! 

Mineral. 

Kha^i and Jaintia Hills . 

Do 

Do. 

Do. 

Lakhinipur 

J 

1 

1 

1 

1 

12.704 j 

12.704 
8,100 1 

1 

7,010 I 

5,5-100 , 

Cold and certain other 
allied minerals. 

Tin and wolfram. 

Gold, tin and certain 

1 other allied minerals. 

1 Mineral oil. 
i Od. 

Total . 

1 



Tahle 32. — rrospccting Licenses and Minmj Leases granted in Balu- 
chistan during 



lOM. 

Dis'i'nicT. 1 

1 

No. 

Aiea ni 
acro«. 1 

Mineral. 

Prospecting Licenses. 


Kalat . . . . . ' 

1 ! 

1 

4(H), 040 

Oil. 

Toial . 

1 

1 



KaUt 

Loralai 

Qiietta 

Sibi 

Zhol) 


Mining Leases. 


1 1 

so 

1 

1 

SO 


i 108-40 

1 

80 

1 

80 

6 

1 

■ 


Coal. 

Do. 

Do. 

Do. 

Chromit(‘. 


Total 
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Table 33 . — Prospecting Licenses and Mining Leases granted in Bihar 
and Orissa during 1914. 



1914. * 

Disraici’. 

1 

No. 

Area in 
acres. 

Minerals. 

Prospecting Licenses. 


Hazaribagli .... 

3 

673-23 

Mica. 

Sambalpur .... 

1 

1,300 

Coal. 

Singhbhum .... 

.3 

2.2<)1'28 

1 Manga flese. 

Do 

.3 

6,684-56 

1 (Chromite. 

Total . 

10 




Mining Leases. 


Hazaribagh . . . . | 

3 

196 

Mica. 

Santh.'\l Parganas . . . | 

1 

2 

Coal. 

Total . | 

4 

• • 

I 


Table 34 . — Prospecting Licenses granted in Bombay during 1914. 



1914 

'■ •' . J 

J)WRICT. 

No. j 

1 

, i 

Area in 1 
acres. i 

1 

Mineral. 

Panch Mahals 

1 1 

1 

530 j 

Manganese. 

Totat. . ' 

J 

1 

.. i 

i 
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Table 35. — Prospecting Licenses and Mining Leases granted in Burma 

during 1914. 


District. 

! 

r ■■ ■ 

j No. 

1 

1914. 

1 

Area in , 

Mineral. 

acres. 

Prospecting Licenses. 


AmhoTRi .... 

: .‘i 

5,700 

All minerals excoi)t oil. 

Do. .... 

1 1 

9(}() 

(it old, silver, tin, copper. 

Katha ..... 

1 1 

900 

wolfram and antimony. 
Load and silver. 

Lower Cliindwin 

, 1 

900 

Mineral oil. 

Do 

1 

1,440 

All minerals except oil. 

Magwo ..... 

6 

7,J0.3 

Mineral oil. 

Do. .... 

1 

1,520 

Petroleum. 

Mandalay . . • 

1 

040 

Copper, lead and other 

Moiktila .... 

I 1 

3,200 

minerals (except mineral 
oil). 

Wolfram. 

Morgiii 

■ 37 

58,351-95 

All minerals except oil. 

Do. .... 

1 

1,454-08 

Cold. 

Do. .... 

1 

2,302*88 

Coal. 

Miiibu 

20 

13.93903 

Mineral oil. 

Myingyan .... 

2 

848-10 

Do. 

Myilkyina .... 

4 

8,460-8 

Gold. 

Do 

, 1 

4,800 

(»old, platinum and mine- 

Do 

; 1 

(i40 

rain of ])latinnm group. 
Cop[jer, silver and iron. 
Gold uiid allied minerals. 

Do 

1 

.3,600 

Northern Shan States 

1 

640 

Lead, silver and allied 

Do. . . 

1 

3,200 

minerals. 

(Jold, silver, lead, iron 

Do. ... 

1 

2,560 

and zinc. 

(i^oppoT, galena and allied 

Do. 

1 

2,560 

minerals. 

Antimony, lead and silver. 

Pakokku .... 

12 

26,428-36 

Mineral oil. 

Frome 

1 

1,862-4 

Do. 

Shwebo .... 

1 

3,424 

Dob 

Do. .... 

: 1 

3.200 

All minerals except oil. 

Southern Shan States 

1 j 

3,040 

Wolfram and other 

1 

Do. . . . ' 

1 

1 

3, 2(H) j 

i 

minerals (except mine- 
ral oil). 

Wolfram, tin and other 

Carried over . I 

i 

105 j 

1 . * 

minerals (except mine- 
ral oil). 
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T-able 35 . — Prospecting Licenses and Mining Leases granted in Burma 
during 1914 — coiicld. 




I 

1914. 



Distrkjt. 

r 

i 

i 

j 

1 

XT : Area in 

i . 

! i 

Minotal, 


Prospecting Licenses— co»cZ(Z. 


Bi ought forward 

1 105 

1 


.Soiith(‘rn Shan StatcH 

2 

1,960 

All minerals except oil. 

Do. ... 

1 

640 

Anti rnony and allied mine- 
rals. 

Do. 

2 

i 5,920 

Wolfram, tungsten, gold, 
galena, cop|)er and tin. 

Tavoy 

48 

72,963-74 

All minerals c.\cept oil. 

Do 

1 

2.172-52 

Cold and tin. 

Thaton ..... 

3 

6.S68-60 

All mi nerals except oil. 

Thayetrayo .... 

3 

8,960 ■ 

Mineral oil. 

Do 

8 

9,117-52 : 

1 

Petroleum. 

Upper Chindwin 

1 G 

.51,040 

Mineral oil. 

Total . 

179 

i 

'' 




Mining Leases. 


Minbu . 

. 

1 

78-59 

• 

Mineral oil. 

Pakokku 

. 

2 

1 

1 1,098-22 

Do. 


Total . j 

1 3 j , 
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Table 36. — Prospecting Licenses and Mining Leases granted in the 

CentraP Provinces during 1914. 


1914. 


District. | | 



1 No. 

Area in 

Mineral. 

i 

acres. 



Prospecting Licenses. 


Balaghat 



1 

b 

.523 

Manganeso. 

Do. 




1 

8,978 

Bauxite. 

Betul . 




2 

1(52 

Mica. 

Do. 



. 1 

1 

147 

Copper. 

Bhandara 



1 

20 

2,424 

Manii arioso. 

Bilaapur 

Chanda 



i 

1 

2 

11,(523 

ILLTO 

(Ji^al and iron. 

Coal. 

Do. 




1 

982 

(V)ppor. 

Chhindwara 





4 

523 

Manganese. 

Do. 




4 

8,354 

Coal. 

Jubbulpore 




1 

505 

Manirauoso, mica, bauxite, 
barytes and copper. 

Do. 




1 

281 

Iron and bauxite. 

Do. 




1 

142 

*S(>ap.stono, steatite and 






talc. 

Do. 




4 

2,983 

Bau.vito. 

Nagpur 

Do. 




30 

1 1 

3,452 1 

387 1 

Manganese. 

Coal. 

Do. 



■ 

3 

170 

Galena. 

Niniar . 



i 

1 

358 1 

Lead, copper and silver. 



Total 

•i 

84 


i 




Balaghat 

Bliandara 

ChbJndwara 

Do. 

Jubbulpore 

Nagpur 

Yeotmal 


Mining Leases. 


3 

92 

Manganese 

3 

147 

Do. 

2 

646 

Coal. 

1 

4 

Manganese. 

1 

9 

Iron. 

0 

607 

Manganese. 

1 

1,247 

Coal 

17 




&2 


Total - 
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Table 37. — Prosyexiting Licenses and Mining Leases granted in Madras 

during 1014. 




1914. 

DlSTUlOT. 

No. 

Aroji in 
rtcroa. 

Minenil. 


Prospecting Licenses. 


Guntur ..... 

] 

1 .503-98 

Iron-oreH. 

Nollore ..... 

19 

1 500-17 

Miott. 

South Cftnara 

1 

1 292-01 

Corundum. 

Tinnovolly .... 


27-r>2 

GArnet. 

• 

Total . 1 

23 


1 


Mining Leases. 


llellary . 

. i 1 

1.009*30 1 Manganefio. 

Ku/nool 

. . . 1 

5*00 1 .BiuytOH. 

Do. 

. . 1 

22 07 1 diamond. 

Nclloro . 

22 

1,222-81! ! Mica. 

Tinnovolly 

. : 3 

1 • 

L 

5‘20 • Garnot. 

1 


1 

'JVjtal . j 28 

1 

i 


Table 38. — Prospecting Licenses granted in the Punjab during 1914. 


Distkict. 

1914. 

No. 

j 

Area in 
acres. 

Mineral 




4 

Attock 

2 

9,600 

Petroleum. 

Total . j 

2 , 

•• 
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Three New Indian Meteorites ; Kuttippuram, Shupiyan 
AND Kamsagar by J. Coggin Brown, M. Sc., 
F.G.S., Geological Survey of India. (With Plates 
7 - 20 .) 

THE KUTTIPPURAM METEORITE. 

/\N the 10th and llth of April 1914, accounts of a meteorite fall 
^ appeared in various Indian newspapers. The following extract 
from the Calcutta ‘‘ Statesman ” is typical of them all. It is dated 
Calicut, April 10th,. 1914 : On last Monday morning (April Oth), 

a terrible rumbling noise in the sky was Inward, and it was generally 
believed that it was thunder which forecasted the early approach 
of the south-west monsoon. Reports now received go to show 
that meteorite stones, weighing about a hundred poui)ds, had fallen 
immediately after the noise in Pomiani, 'rirur, ^rrurangadi, Kujitip- 
puram, Ottapatam, and other places in South Malabar, and that 
they had gone about fi^e or six feet deep into the earth. All the 
stones, which so fell, are reported to have, been broken to pieces, 
owing to the extraordinary iorce with which they fell/' 

All meteorites which fall in British India aie the property of 
the Government of India, and, as such, are added to the great 
collection in the Geological Museum, Calcutta. The Collector of 
Malabar, who in in charge of fhe district in which the stones fell, 
was requested, therefore, to obtain them, together with any available 
particulars of the occurrence. 

Several Indian meteorites have previously been lost to science 
owing to the veneration bestowed on such objects by superstitious 
villagers, who regard the phenomena accompanying their descent as 
supernatural manifestations, and place the stones themselves in the 
temples, for public adoration, whence it is quite impossible to obtain 
them. 

The Geological Survey Department is greatly indebted to 
Mr. C. A. Innes, the Officiating Collector of Malabar, for the trouble 
he took to secure the stones and for the completeness of the 
enquiries which he instituted regarding them. 

In forwarding eleven fragments Mr. Innes submitted the follow- 
ing report which is reproduced below in his own w^ords : — 

“ Careful enquiries have been made and it has now been ascer- 
tained that meteoric stones fell on the 6th April last only at the 
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following places in the Ponnani taluk of this district : (1) Kuttayi, 

(2) Triprangod, (3) Trikkauapuram and (4) Kuttippuram. These 
four places are practically in a straight line and you will find 
them all clearly marked in the Survey of India Topographical Sheets 
No. 49-N — 13 and 58-B — 1. Kuttayi is on the coast ; Kuttippuram 
is 9 or 10 miles inland in a due easterly direction from Kuttayi. 

At Kuttayi four small stones are reported to have fallen within a 

distance of one mile. One of these stones is said to have measured 
2'x^'Xj, but only one small stone has been secured. One stone 
has been secured from Triprangod and six from Trikkanapuram. 
At Kuttippuram one large stone weighing it is said some 
71 lbs. fell. It is now in three pieces all of which have been 

secured. 

“ I summarize below such information as I ^ have been able 
to collect. Accounts vary as to the exact time at which 
the meteorites fell. At Kuttayi 6-30 a.m. is given as the 
time ; at Kuttippuram 7 a.m. ; while another account mentions 

7-30 A.M, 

“ At Kuttayi there was a festival at the mosque on tbe morning 
of the 6th April, and many people who had collected at the sea 
shore had a good opportunity of observing the phenomenon. First 
they heard two loud and almost simultaneous reports which they 
compared to the noise made by kadinas. Kadinas are small mortars 
which are much in favour in Malabar and which are exploded with 
terrific noise at times of festival. A continuous roaring sound like 
that caused by a volley of musketry followed and at the same time 
there was a flash like a flash of lightning. (It is more probable 
that the flash preceded or accompanied the first two loud reports, 
but the account above is the one given by the Deputy Tahsildar 
of Tirur in whose division Kuttayi is.) The direction of the flash 
was from west to east and the people who saw it said that in appear- 
ance it resembled a palm tree. The stones which fell at Kuttayi 
penetrated only about 6 inches into the earth. They were slightly 
warm when picked up and there was no smell. 

At Kuttippuram the stone fell in a paddy field, which was 
then dry, and penetrated some feet into the ground. A cloud of 
dust rose into the air, and this attracted people to the spot. But 
they were apparently afraid to touch the stone, and it was not 
till some hours later that it was dug out and then it was quite oold. 
The people who gathered at the spot say that for some minutes 
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after tlie fall there was a smell of backwater mud in the vicinity. 
Backwater mud or silt is black oozy stuff which is full of rotting 
organic matter and its smell, which is familiar to everyone who 
lives in Malabar, is most unpleasant. 

‘‘ Triprangod is about 3 miles from Kuttayi ; Trikkanapuram about 
5 miles from Triprangod and Kuttippuram about 2 miles from 
Trikkanapuram. 

“ The noise of the first two loud reports is said to have been 
heard at various places in Malabar. The Tahsildar heard it distinctly 
at Ponnani which is miles south of Kuttayi. A gentleman who 
lives close to my own bungalow at Calicut (30 miles north of 
Kuttayi), also says he hoard the noise ; while another enthusiastic 
gentleman claims (I believe) to have heard it at Cannanore which 
is 60 miles north of Calicut. 

“ I am sorry I cannot give you more definite information on the 
points referred to in your letter, but such information as my ollicers 
have been able to" get has been gathered from villagers who arc 
not exact observers of physical phenomena.” 

The following list gives the weights of the fragments and the 
names of the places in which they were picked up : - 


2r)9 A 
259 B 
259 V. 
259 D 
259 E 
259 F 
259 (J 
259 H 
259 1 
259 J 
259 K 
259 L 


18,2;U) gms. 
10,989 „ 

„ 

3,993 „ 
738 

427 „ 

2n „ 

2CK> „ 
121 „ 

63 „ 

60 ,, 

9 .. 


(SniJill 


nicnts 


dust.) 


frag- 

and 


259 is the number which the meteorite bears in the Geological 
Survey register of meteoric stones. In the new catalogue its number 
is 194^. 

1 Tho new catalogue of the met;i)rite collection is now in the nress and will shortly 
be publishod. 
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A, B and C, which are parts of the same large stone and easily 
fit together, fell in Kuttippurani. D, E, E, G, H and I fell in Trik- 
kaiiapurani, J in Triprangod and K in Kuttayi. The map (Plate 
20) shows the exact position of each of these villages, all of which 
are situated in the Ponnani taluk of the Malabar District in the 
Madras Presidency. Kuttayi is on the coast in Lat. 10° 51' : Long. 
75^^ 54 i'. Triprangod in Lat. 10° 50J' : Long. 75° 57', is 3^ miles 
further inland in a line 2° south of east. Trikkanapuram is 7i 
miles from Kuttayi in a line 9° south of east and is situated in 
Lat. 10° 491': Long. 76° 1', while Kuttippurani where the largest 
stone fell is in Lat. 10° 50|' ; Long. 76° 2', 8^; miles from the 
coast at Kuttayi, in a line 2° south of cast. 

It would appear therefore that a large meteor, travelling with a 
low trajectory, approached the Malabar Coast from the Arabian Sea, 
in a direction a few degrees south of east, and bursting into frag- 
ments, scattered portions of itself over the villages mentioned, for 
the greater momentum of the larger stones would carry them further 
than the small ones. (Confirmatory evidence is supplied by the 
Deputy Tahsildar of Tirur who reported that the direction of the. 
Hash which accompanied the fall was from west to east at Kuttayi. 
From the small size of the Kuttayi fragments, and the large dimen- 
sions of the mass which fell in Kuttippurani, it seems to mo that 
little if any of the material was lost by falling into the sea. 

Description of the Kuttippurani Stone. 

This large stone is broken into three pieces and part of the 
front and lateral surfaces are missing. These injuries may have 
been caused by its impact on reaching the ground, or they may 
have been inflicted later by inquisitive persons. For this reason it 
is impossible to describe exactly its original shape, but the larger 
portions which remain give a very good idea of what that shape 
was. Standing on the broken area and looked at from the end 
the meteorite has the appearance shown in PJ. 7, from which it 
seems to be somewhat prismatic. On the whole it is perhaps best 
to describe it as a very irregular tetrahedron, with one comer 
replaced by the flat face seen in PL 7, and modified of course by 
the broken and missing pieces. In this position it measures 28 cms. 
(IJ inches) in height, at the end shown in PL 7, which is believed 
to be the rear face, decreasing to 18 cms. (7 inches) at the front 
face or ** brustseite,” which is smashed. Its length is 32 cms. 
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(12:^ inches), and its gieatest breadth in a line approximately per- 
pendicular to this is 31 -5 cms. (]2| inches). It weighs 32,599 gms. 
The specific gravity of this large mass has not been taken, but that 
of the smaller piece 269 II is 3*558. As will be seen later, the various 
fragments which comprise this fall are of a very uniform composi- 
tion, and there is no reason to believe that the specific gravily of 
the large mass differs very much from that of the smaller piece. 

The peculiar form of the stone is due partly to fracturing, and 
partly to the atmospheric erosion to which it has been subjected 
during its passage through the air. Apart from the fact that the 
edge which struck, the earth first is marked by a thick deposit of 
hardened, sandy soil, the generaLshape of the stone, its differences 
of curvature, the rounding of its edges, the variation in the thick- 
ness and stnictures of its crust and the distribution of the pittinge 
on its surface, all tend to prove that this edge was the front one 
during the trans-atmospheric existence of the meteorite. 

In PI. 11, this front edge commences at the rounded corner in 
the lower right half of the photograph where it is covered with the 
brown, sandy earth, already referred to, and continues up to the crack 
which divides the face into two pieces, and by means of which the 
portion marked A in the tracing has split off along a slickenside 
plane. [ Plate 11, see tracing, for positions of A and B. ] The 
remainder of the front edge and face has been broken away after 
the fashion indicated in PI. 8. After photographs had been taken, 
part of the adherent earth was removed, and it was found to be 
not entirely underlain by crust, some of ^hich must have been 
scaled off at a comparatively late period of the trans-atmospheric 
flight. Near the comer, the edge flattens into a minor area 3 or 
4 cms. across. 

The greater part of the stone is covered with crust, the excep- 
tions being the broken end shown in PI. 8, the missing portion 
which comes between A and B in PI. 11, the medial portion of B 
in PI. 11, and the left hand lower corner in the same figure. In 
addition to these, there are smaller patches where the crust has been 
removed, usually in the vicinity of the cracks which separate the 
three pieces. 

The edge sho^ in PI. 11, and also those made by the rear with 
the other faces are comparatively sharp, the others are more rounded. 
The sharp edge of the rear face in PI. 7, and the flatness of its 
plane, in^cate an early fracture along this surface. 
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The greater portion of the crust is corrugated with deep pits 
or piezoglyphs, furrows and channels, caused by the differential 
fusion of tbe ui;)per layers of the stone and not by the combustion 
of included sulphide nodules. On the rear face they ire only 
faintly traceable and on the top of the stone they arc absent. (See 
the top line in Pis. 8, 9 and 11.) They attain their maximum 
development on the face illustrated in PI. 11, though they are 
also present on the lateral faces seen in PI. 8, and in the lower 
part of PI. 10. 

The pits seen in PI. 11 have a circular, polygonal or irregular 
outline, and are either broad and shallow, wdth low lounded edges, 
sloping gently off into a moie or less flattened base, or deeper, 
with steeper sides, making short sharp ridges between them. They 
do not possess any definite arrangement, except in ^he lower portion 
immediately above the adherent earth, where a long, funnel-shaped 
depression, with its mouth pointing towards the rear surface, seems 
to have been produced by the fusion of the ridges of several pits, 
the remains of which are still visible as low prominences. Elon- 
gated depressions of approximately elliptical outline, produced by 
two confluent pits, are also present. The average diamotei of the 
better-marked pits is about 2 cms. The minute linos of crustal 
drift in the pits themselves show no particular distribution in the 
great majority of cases, but occasionally they are seen to radiate 
from the centre. Below the adherent earth in the lower right hand 
corner of PL 9, there are two long furrows, one much deeper than 
the other. The larger is 4 cms. in length, 1 cm. in breadth, and 
over 1 cm. in depth at ‘the centre. In a general way both of them 
point from tbe front to the rear of the stone, showing the direction 
of the air currents by which they were produced. 

The pits which are visible on the face seen in the lower left hand 
portion of PI. li, and in the lower right hand part of PI. 10, are 
not so well developed as those just described. Instead of the deep 
pits, broad shallow ones occur, with diameters up to 4 cms. across 
and circular or elliptical outlines. These are made up of smaller 
depressions with badly defined edges. The minute irregular net- 
work of the crustal drift is more in evidenoe on this side than on the 
former one, but it does not exhibit any particular distribution. 
The crust itself is thicker and has scaled off a slight promi- 
nence. All these phenomena point to a diminished air resistance on 
this face. 
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J Tho opposifce lateral face is seen in PL 8. The part which lies 
[shadow on the upper left hand corner of the print contains 
several shallow elongated depressions, the long axes of which 
point towards the rear end. The rest of the upper portion of this 
face consists of a broad triangular area, next to the shadowed 
portion just described, a rounded and smoothed surface above this, 
and a larger space below and to the right, covered with depressions 
the long axes of which are orientated at right angles to the direction 
of flight. The lower part, below the crack, is rounded off into the 
lower section of the rear face and is comparatively smooth. The 
triangular area contains a deep groove, which has a length of 8 cms., 
a breadth of 2 cms., and a depth of 2 cms. below the general 
surrounding level. It possesses a curious short continuation at 
right angles to it on the left hand, evidently produced by con- 
fluence with a deep pit. As the photograph shows, its lower 
bounding ridge is steep and sharp, but the upper ridge is low and 
gives place to four^shallow pits of polygonal outlines. The central 
owo of these arc separated by a ridge from a confluent depres- 
sion above them. On the upper surface, just visible in the 
photograph, is a deep triangular pit, while on the extreme left, 
a circular one with an inner cratcriform ring is situated. Above 
these again, there is a small, but deep, flat-bottomed depression, 
close to an elongated pit and surrounded by four smaller ones. 
Although the elongated depressions which occupy the rest of this 
portion are distinctive and arranged with their long axes pointing 
in the same direction, they have neither the depth nor the steep- 
ness of those on the front face. (PI. 11.) 

The rear face is seen best in PL 7. With the exception of a 
patch on the left, it is crusted. It is crossed by two fractures, 
which divide it approximately at right angles. Small shallow pit- 
tings are found over the greater part of its surface, often merging 
into one another. They are not uniform in shape or distribution. 
]jarge areas on the top and at the upper right hand comer possess 
a scooped out appearance, and arc lined with small depressions of 
an average width of I cm. The crustal drift lines are longer and 
more thread-\ike than those o^ the other faces, but all they show 
is a radial arrangement, as if they were produced by heaping up 
from a centre of fusion. Here the crust attains its maximum 
thickness and its greatest irregularity of surface. The face itself 
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appears to have been originally a fracture piano, and its edges are 
more or less sharp. 

The Crust. 

Taken on the whole the crust of the stone is remarkably uniform 
in thickness and only the slight differences already mentioned have 
been noticed. It is of a dull black, lustreless colour, with a few 
small circular or elliptical patches of shining black. These when 
touched with a file prove to be fused metallic grains. Sometimes 
they project as small rounded knobs. The general appearance of 
the crust indicates a nearly felspar-free stone of the olivine-pyroxene 
type, which it has indeed proved to be on petrological examina- 
tion. Kven to the naked eye, the surface of the crust is roughened, 
and when examined with a lens the roughness is seen to be caused 
by minute irregular thi'eads, which form anastomosing systems, or 
a kind of lattice work pattern, over the outer crust of the entire 
stone. I term this structure “ minutely scoriaceous,” because under 
a lens it has a cindory appearance, which I regard as the result of 
fusion. Large areas of the ciust are of a greyish-black tint, but 
this is only due to the accumulation of dust particles in the minute 
slaggy pores. Other parts show a few small scattered rust spots, 
and a certain amount of brown staining is present, which has been 
caused by the contact of the crust with the soil. 

Internal Appearance and Structure. 

The interior of the stone is of a uniformly light greyish-white 
appearaiKXi. Under a lens, white and light grey minerals can 
be seen, together with small, though well-distributed, njetallic grains. 
In places small globules of a light bronzy troilite occur. The 
ohondritic structure is hardly apparent to the naked eye, yet, very 
rarely, small spherical chondri do project. Darker grey patches, 

3 or 4 mms. long, are also found here and there. The stone 
is traversed by voiy delicate black veins. In the large mass, 
eleven of these ave present and at least seven of them are approxi- 
mately parallel. They greatly resemble thin lines drawn by a 
hard lead pencil. The stone is atypical veined white chondtite, 
Cwa. 

Perhaps the most interesting peculiarity of this stone is the 
large slickensided surface along which the piece A, and missing 
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portion above it, have broken off. (See PI. 11 and tracing.) PI. 
9 is a photograph of the stone with this part removed, and PI. 10 
a similar representation taken in a side light. This large slicken- 
sided surface is approximately square, and has an area of at least 
240 sq. eras. It is not an exact plane, as the surface exhibits a 
little rolling. It must continue down and to the right, but there 
i.s no indication on the crust to show whore the two meet. The 
slickonsided surface is covered by a shining black, graphitic-looking 
substance, stained a dull rod in places by nist.J Its patchy ap- 
pearance in the photographs is due to fragments sticking to the 
opposite sides after separation of the pieces. The parallel veins 
described in an earlier paragraph n>oet the slickonside plane at an angle 
of approximately Ilf)''. Lines of weakness of this nature in a 
stone would naturally cause it to shatter along such a position on 
receiving a severe impact. It is curious to observe that the plane 
approximately coincides with whalt I believe to be the direction of 
flight. 

An attempt was nfikdo to polish a surface of the piece niunbered 
2r)9II, but owing to the friable character of the stone this was 
found to be practically impossible. On the smoothed surface, 
light grey chondri with rounded outlines can be s<Hm. They have 
an average diameter of I -7.^) mms., but occasionally reach 3 mms. 
The groundinass is white and is abundantly sprinkled with small 
sulphide and metallic grains. Light brown ferrugitious stains, al- 
though usually found close to most of the metallic points, are more 
strongly in evidence along a black v<iin which traverses the speci- 
men. This seems to prove that fine metallic particles are present 
in the vein. 


Composition and Microstructure. 

Under the microscope in thin sections, the chondri are not seen 
BO well as they are on the smoothed surface of the stone. »The 
microstructure as a whole is a confused, fine-granular one (see 
PI. 15, fig. 1), with few chondri and fragments of chondri, not at 
all well differentiated from the rest of the groundmass. 

Olivine and enstatite, in about equal quantities, are the principal 
silicates present* A monoclinic pyroxene which simulates the rhom- 
bic form, and is only to bo distinguished by its inclined though 
low angle of extinction, occurs in small amounts. There are also 
a few clear grains which I take to be felspar. 
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Olivine and enstatite are also the chief minerals in the chondri. 
The former is found in the familiar monosomatic, polysomatic and 
ribbed forms. The latter, which is the more abundant of tjie two 
as far as the chondri are concerned, builds the usual fan-like radiat- 
ing structures, which are often broken and imperfect, and also 
dense nearly crypto-crystalline masses. When these are examined 
under high powers they are seen to be composed of closely packed 
mosaics of small irregular particles of enstatite, with an occasional 
olivine granule. This structure is not like that of minerals 
crystalizing from a molten magma. Though not exactly analagous, 
similar structures have been observed by Merrill in the Henderson- 
ville meteorite, though in this case the fragments are imbedded in 
a cement. Merrill is of opinion that the structure in the case of 
the American fall, is suggestive of a partial recrystaHization of fine 
detrital material as seen in sundry metamorphic schists.^ 

Sometimes the radiated enstatite chondri are edged with small 
opaque grains of nickel-iron, troilite and specks of a black graphitic 
substance. One small olivine chondrus has a circular border of 
this mineral and a band of it down the centre, the two segments 
being filled in with minute olivine and enstatite grains. It also 
includes a few grains of metal and sulphide. Another unusual 
chondrule has rod-like olivine crystals set iu an opaque black 
background, with a ragged irregular edge partly in contact with 
the granular olivine and enstatite of the groundmass and partly 
separated from it by a discontinuous zone of clear felspar 
grains. A similar form of polygonal outline is almost completely 
surrounded by a zone of water-clear felspar grains, the centre being 
opaque for the greater part, though speckled in places with minute 
transparent points. Inteigrowths ot olivine and enstatite also 
occur in the chondri. In one case two series of long rods of the 
former mineral meet at a wide angle with interpenetrating ends, and 
the spaces between them occupied by enstatite. The outlines of 
the chondri occasionally seem to indicate compression as they are 
flattened and not perfectly circular. The diameter of the best 
developed ones is approximately I mm., a few are larger, the great 
majority are smaller than this. 

A microscope study of the groundmass in section revealed an 
exceedingly confused aggregate of olivine and enstatite grains and 

1 G. P. Merrill : Notes on the Composition and Structure of the HendeiBon- 
vi}lo. North Carolina, meteorite. Proc., U. S. Nat. Mus., Vol. XXXII, 79 — 82^ 
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particles, interspersed with metallic nickel-iron, sulphide, and a 
few specks of a black, graphitic mineral. Occasionally there is a 
small, monoclinic pjirroxene grain and a little felspar in small gra- 
nules which exhibit bright grey polarization colours. The olivine 
grains are the largest, and although a few tend to show crystal 
outlines, the majority possess very irregular boundaries. Both 
the olivine and enstatite grains are much broken and fissured, 
though they are remarkably clear and free from clouding and inclu- 
sions. The larger grains are set in a finer matrix, which under high 
powers is resolved into the same minerals with the same confused 
arrangement. No. true glass was observed. The enstatite of the 
groundmass sometimes builds flat tabular forms but is generally 
present as anhedral grains, rarely showing a few opaque inclusions. 

The Opaque Minerals and Veins. 

The opaque minerals are bright metallic nickel-iron, a light 
bronze sulphide and a" black graphitic substance. They occur in 
rounded or irregular grains, separated or in juxtaposition, and also 
form larger irregular shapes. Sometimes the iron and sulphide 
grains have a kind of broken linear arrangement. The graphitic 
material has been seen to enclose portions of the fine granular ground- 
mass, and it is evidently related to the substance which fills the fine 
veins. The latter pierce both groundmass .^ind chondri indiscri- 
minately. Sections cut especially for the study of the veins reveal 
complicated systems which branch in a most irregular way, enclosing 
the granular groundmass which does not appear to have suffered 
any alteration thereby. (See PI. 15, figs. 3, 4.) The broader veins 
have a continuous inner lining of the opaque black graphitic mineral 
and are occasionally filled with sulphide and a little metal. 

Petrographical Characters of the Crust. 

The crust is usually -8 — *9 mms. thick and easily divisible into 
three zones. A well-defined outer layer approximately '05 mms. 
thick. Inside this there is a clear layer composed of ohvine and 
pyroxene grains, running into and not sharply differentiated from 
the third and thickest layer, which has a porous slaggy appearance, 
opaque for the greater part, but pierced with clear particles of the 
same crystals, olivine and enstatite, in places. In one section which 
WftS examined a large olivine crystal extends across the three 
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zones. It is bordered by a black opaque rim on the outside ; in 
the second zone it is practically unaltered J in the third zone a 
black substance has developed and spread ou^ from thew cracks, 
leaving a network of clear unaltered material. The inner border of 
the third zone, where it joins the rest of the stone, is well differen- 
tiated and no alteration continues beyond it. 


Description of 259 D. 

This is a l)ig irregular piece broken from a still larger mass. 
Its general appearance is shown in ^s. 12 and 1-3. Standing on its 
fiat end it measures 19*5 cms. (7^ inches) long, Hems, (bj inches) 
in maximum breadth, and 9*5 cms. (SJ inches) in jnaximum thick- 
ness. The flat end shows a few, broad, shallow depressions, some 
of which have been produced by the confluence of smaller pits. 
The opposite end is pointed, as the photograph shows, and is marked 
with shallow confluent pits separated by broad gently sloping 
ridges, and by a long fuTincl-shaped depression which is continued 
right across the stone. Wliere this meets the face shown in PI. 13, 
it is I cm. across, but it widens out to over 4 cms. on the opposite 
side. It is bounded on the left by a sharp ridge, on the top of 
which there is a thickening of the crust. The opposite ridge is 
more strongly develo^^gd at the lower end only. The drift lines, 
when they possess any definite direction, cross the funnel. Below 
it the obtuse end sharply meets the face shown in PI. 13. This 
is covered with large and small pits, the broadest and deepest 
of which on the lower part exhibit radial drift lines. The face 
meets the flat end in a right angle, the edge being quite sharp. 
A recent fracture of the stone, crossed by the typical thin 
black veins which distinguish this meteorite, is shown on the left 
of PI. 13. The opposite side, not shown in the" photographs, 
consists of larger and smaller faces running the entire length of 
the stone. Depressions do occur, but the majority of them are so 
broad and flattened out as to rather deserve the term undula- 
tions. The most interesting feature of this stone is the face 
shown in Fig. 12. It is a trans-atmospheric fracture over which 
a thin crust just developed before its impact with the earth. The 
irregularities of the fracture surface are barely crusted over and there 
was not sufficient time for a general smoothing down, or for the pro- 
duction of pits. The irregulatities are accentuated in t^e photograph 
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by a light brown earth which adheres to the bottoms of some of 
them and which was undoubtedly picked up when the stone fell. 

As a whole the crust is not so dull as that of the larger specimen 

The crust contains more numerous and bigger, 

brighter patches. The crust on the obtuse end 
and on the side shown in PI. 13 has a lustrous black colour and is 
marked with drift lines, minute scoriations and small projecting 
blebs of fused metal. The crust of the flat end has developed a 
series of minute intersecting shrinkage cracks. 

The general appearance of the interior of the larger stone and 

The inferior much alike that a separate 

description is unnecessary. The veins have 
not the same parallel arrangement, producing rather an irregular 
network, while one large spherical chondriis, 9 mms. in diameter, 
projects from the fractured surface. 

I have attempted to lit this meteorite, which is so evidently part 
of a much larger stone, on to the big one but it does not coincide 
with any of its fractiires. 


Brief Descriptions of Smaller Specimens. 

259 E, is a corner piece partly covered with crust showing pits 
and depressions with very w'ell-marked, radial, drift lines. Both 
the crust and interior arc very rusted. Veining and slickensiding 
are present. See PI. 14, fig. 4. 

259 F, which is illustrated in PI. 14, lig. I, is partly covered 
with a smooth, rather shining, black crust. Its interior is not so 
rusted as that of the previous specimen, while thick and thin black 
veins and a small patch of slickensiding are present. 

259 G, T'l, 1 ami K, illustrated in PI. 14, figs. 7, 5, 3 and 6, 
are interior fragments which present no unusual features. They 
might be bits broken from the interior of one of the larger pieces so 
far as appearances go, though neither they nor any of the other 
smaller pieces can- be fitted together. 

259 J, shewn in PI. 14, fig. 2, is a small crusted fragment 
showing well-marked veins and troilite inclusions. 

" THE SHUPIYAN METEORITE. 

In the summer of 1913, Mr. C. 8. Middlemiss and the late Mr. H. S. 
Bion of the Geological Survey of India, noticed a meteorite in the 

F 
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Srinagar Museum, Kashmir. When the desirability of having a speci- 
men of every Indian fall on exhibition in the Imperial collection in 
Calcutta, was represented to the Durbar, His Highness the Maha- 
rajah of Kashmir kindly presented the piece which is the subject of 
this note. According to Mr. 11. S. Bion, who was working in Kashmir 
at the time and who collected all the available information about 
the stone, there are two other pieces in the Srinagar Museum, a 
large one weighing approximately 4,650 gnis. and a smaller piece 
about the same size as the one presented to the Calcutta collection. 
The latter weighs 294-5 gins. The large piece is said to be com- 
plete with no broken surfaces of any size, covered with a black 
crust showing thumb marks and lines of flow.^ Mr. Bion believed 
that the Calcutta specimen was broken off the smaller piece. 

The fall is reported to have taken place in May or June 1913, 
and from another source in April 1912, at Shupiyan, Lat. 74° 50' : 
Long. 33° 43', the specimens being collected by the local police 
officers and forwarded to the capital of the State. As Shupiyan 
is a large village with a post office, it is quite possible that the fall 
may not have occurred in the place itself but somewhere in the 
surrounding district. No further details of any kind are available. 


Description of the Stone. 

The general appearance of the specimen can be seen from the 
photograph, PI. 16, fig. 1, which is about natural size. It measures 
9*4 cms. in greatest length, 6 cms. in greatest breadth and 3 cms. 
in maximum thickness. It has a specific gravity of 3*670. The 
surfaces seen in the photograph are crusted, with the exception of 
the upper right hand corner. The undersurface shows the fracture 
where it was broken away from the larger mass. This surface 
though dirty and discoloured is sufficient to prove that the stone 
is a brecciated grey chondrite, Cgb. The interior is of a light 
ash-grey colour and the texture firm, exhibiting a few small chondri 
and rust spots. Since the photograph was taken, the piece has 
been cut in two for further study, and the smoothed surface of one 
of the sections clearly shows a fine brecciated structure together 
with abundant, small, shining grains of nickel-iron collected into a 
short metallic vein in one place. The chondri are of a darker 

^ After these notes were written Mr. Bion obtained photoffranhs of the bic 
piece. See Pis. 18 and 19. 
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shade than the groundmass. The large face shown in the shadow 
on the photograph is covered with a thin, dull black crust which 
adheres firmly to the interior. Under a lens the crust appears 
minutely roughened and traversed by a few cracks. The only 
pittings visible are those on the narrow^ side face. They consist of 
two large depressions, approximately 3 crns. in maximum diameter, 
made up of groups of smaller pits. 

Microstructure of the Stone. 

Thin sections prove that the stone is coarse-grained, with the 
chondri, which are mostly circular or nearly so, w^ell differentiated 
from the groundmass. The latter consists of a coarse granular 
aggregate of the usual silicates, olivine and enstatite, in the majority 
of cases considerably rust stained. Irregular grains of nickel-iron 
are w^ell distributed through the mass, while a few troilite granules 
and small amounts of a black amorphous substance are also pre- 
sent. Enstatite in felted masses of radiated needles, or minutely 
crystalline grains, with an occasional inclusion of an olivine granule, 
and olivine in the grate or barred variety are the common minerals 
of the chondri. One of the latter contains a tabular, porphyritic, 
enstatite cj*ystal and a prism of olivine together with smaller 
orthorhombic pyroxcJie individuals. A j)olysomatic chondrule of 
olivine has the borders of each individual marked off by a narrow 
opaque zone of greyish inclusions. Fragments of broken cbondri 
have been seen in the groundmass. 

I HE KAMSAOAR METEORITE. 

The Kamsagar meteorite is reported to have fallen in Kamsagar 
village of the Channagiri taluk, Shinjoga District, Mysore, about 
1 r.M. on the 12th November 1902. It is stated that a rumbling 
noise was heard and that the meteorite was quite hot when picked 
up. With these remarks Dr. W. F. Smeeth, State (Geologist in Mysore, 
forwarded the meteorite to the (Jeological Survey of India, a gift 
from the Government of His Highness the Maharajah of Mysore to 
the Calcutta collection. We have to record our indebtedness to 
Dr. Smeeth amj our obligation to His Highness the Maharajah for 
this interesting and valuable donation. 

The stone is an almost complete individual, of tetrahedral 
3hape, broken into two pieces. It weighs 1,293 gms., and has 

F 2 
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a specific gravity of 3-526. Resting on the rear face which is the upper- 
most one in PI. 16, fig. 2, it measures 9-5 cms. in height, 12 cms. in 
breadth and 9*3 cms. in thickness, approximately. The ^general 
appearance of the stone is perfectly indicated by the photographs 
and need not be described. The angle of the tetrahedron which 
formed the front, and which points downwards in the photographs 
is replaced by a flattened face, marked with a few circular or elon- 
gated shallow pits. The crust on two of the tetrahedral faces, 
seen on the right in PI. 17, figs. 1, 2, is fairly smooth. On the 
lateral face seen to the loft in PI. 17, fig. 1, the actual crust sub- 
stance is smoother than elsewhere and there arc four well-marked 
grooves running from the front to the rear of the stone. The crust is 
thin and dull blade with minute, glossy l)lack Iflebs. On the rear 
face it is thickened and rougher and has a moie scoriaceous appear- 
ance. The usual minute shrinkage cracks are well developed and occa- 
sionally the crust assumes a brownish-black tinge, more particularly 
at the bottom of the gi’Ooves on the lateral face previously mentioned. 
The interior of the stone is light ash-grey in colour, with light 
chondri, fairly abundant specks of nickel-iron and some troilitc. 
The latter mineral tends to congregate in patches, a large one of 
which is visible at the fracture. It is a typical intermediate chon- 
drite with the formula (,'i. It is of a firm lexture and takes a good 
polish. 


Composition and Microstructure. 

The stone is composed of the silicates olivine and enstatite, 
with small quantities of a inonoclinic pyroxene, and perhaps a 
little felspar. The other constituents are nickel-iron, troilite and 
grains of a black, opaque substance which may be of carbonaceous 
origin. Sections show that the structure as a whole is much 
coarser grained than that of the Kuttippuram fall. The separation 
of the chondii from the groundmass is usually evident enough, but 
not by any means as sharp as in the case of the Shupiyan stone. 
The chondri are in most cases filled with enstatite (see PI. 15, fig. 2), 
in coarse or fine radiated crystal forms ; sometimes a filling of 
cryptocrystalline grains of the same mineral occurs, or even a 
combination of both these structures. Olivine chondri are rarer, 
of more irregular outline, and smaller dimensions than the enstatite 
ones. They are either granular or ribbed and in the latter case 
appear to be built up of alternating layers of olivine and glass, in 
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tho groundinass large porphyritic olivine crystals are common with 
pieces of chondri, set in a paste of fine silicate grains. Large 
crystals of enstatite with sharply-defined outlines also occur in the 
groundmass. Tioilite is easily recognised by its bronzy lustre, and, 
though usually separated, it is sometimes in contact with the irre- 
gular nickel-iron grains. Staining of the silicates by decomposi- 
tion of the nickel-iron is quite common. The black, amorphous sub- 
stance is found in minute grains and larger irregular pieces, which 
in one instance includes small olivine grains. When in contact the 
sulphide sometimes partly envelopes the nickel-iron and thus ap- 
pears to be secondary to it. Linear inclusions of the black, amor- 
phous body were noticed in one olivine crystal. Minute olivine 
crystals ani also included in the nickel-iron. 

(hush sections show three zones : an outer opaque black layer, 
very thin, and generally removed in the preparation of the slide ; 
an indefinite inner layer, opaque to ti'ansliicent, containing the 
remains of silicate grains ; and an inner opacjue layer with a few, 
small slag-like pores containing silicates. The inner edge of the inner- 
most layer, although iiT(‘gular and crenulated, is sharply separated 
from the rest of the stone. Flattened blebs of nickel-iron occa- 
sionally penetrate the crust. 


EXPLANATION OF PLATES. 

J^jATKy 7-]3.--riio Kuttippurum niotooritc. 

J*\LTK 14. KuuTacs I-7.-~SmaII fraguionts of Ilu‘ Kiittippiirain melooritc. 
PcATJC IT). J^’kji'kc 1.— Micropholograph of thu granular groundmass of the 
J<!uitippurani inolcorit(‘. 

2.— Microphot ograidi of chondri in the Kanisagar meteorite. 
Pku'kks 3, 4. — Micropholographs s flowing the intricato vein system 
of the Kuttippurum meteorite. 

I'j.ATi: 1(), Fiockk 1. — The Shnpiyau meteorite. 

KmiTiih' 2. — The Kanisagar meteorite. 

Plate 17, Kku’re J.— The Kanisagar meteorite. 

FmuRio 2. — The Kamsagar meteorite. 

Plate 18. — The Shupiyan meteorite. 

Plate 19. — The Shupiyan meteorite. 

Plate 20.— Map of part of JVlalabar tlistrict, where meteoric stones fell on 
April 6th, 1914. 
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The dentition of the Tragulid Genus dorcabune 
BY Guy E. Pilgrim, D.Sc., F.G.S., Assistant 
Superintendent, Geological Survey of India. (With 
Plates 21 to 23.) 

The genus Dorcahune was founded by the present writer^ in 
1910 for certain upper and lower molars occurring in the Lower 
Siwaliks of Chinji, referred to the single species Dorcabune anihra- 
cotheroides. 

An additional species was added to the genus * in 1912 when 
I stated^ that the mandible (G. 8. I. No. JL106) figured by Lydekker 
in Pal. hid., (10), Vol. 11, pt. 5, PI. 24, fig. 1, under the name of 
Anthracofherium silisirense Pentland, should rather be considered as a 
species of Dorcabune more closely allied to the genus Dorcaiheriuni 
than the species Dorcahune anthracotlieroides. 

The description given by me was brief and it is time that a fuller 
account of the dentition should be published, especially since jnuch 
more material has accumulated, and the j)lace of the genus is no 
longer in any doubt, which might in the first instance have been the 
case. 

The discovery of lower preniolars of a s[)ccies intermediate in 
size between D. anthracotlieroides and the one figured by Lydekker 
by their structure amply confirms my first opinion that the genus 
was related to Dorcatherium. 1 did not however realize until 
later how nearly certain forms of the European species Dorcatherium 
crassum Milne Edwards, resembled the Indian genua Dorcahune in 
regard to their brachyodonty and bunodonty. The existence of the 
double fold in the protocone of the upper molars seems, however, 
too important a difference from Dorcatherium crassum to permit us 
to place these Indian forms in the same genus as the European 
species. Moreover the other species of Dorcatherium and in particular 
the Indian species differ markedly by their hypsodonty. 

^ Notices of new Manimalian Genera and Sjwcies from tho Tcrtiarics of India, 

Rec. Qeol. Surv. India, XL, p. 68. 

2 The Vertebrate Fauna of the Gaj Series in tho Bugti Hills and tho Punjab, 

Pal. Ind.^ New Series, IV, Mem. 2, p. 47. 
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It is possible that this double protoconal fold represents a vestige 
of an ancestral protoconule, serving to connect the genus Dorca- 
therium with the genus Cryftomeryx kSchlosser, an affinity which 
Schlosser has already suggested.^ I have elsewhere expressed the 
opinion that the 5-cusped molar arose from a 4-ciisped condition, 
but I am now inclined to defer to Osborn’s contrary theory. The 
similar protoconal folds of Telmatodim, Hemimeryx and Choeroineryx 
suggest by conijjarisoji with Brachyodas, Merycoj}^ and Hyohoofs a 
distinct possibility of a fusion of a former protoconule with the 
protocone. 

I propose to assign the various specimens referable to the genus 
Dorcabune to five distinct species, of which the names and strati- 
graphical horizons may be taken as the following : — 

(1) DoTcabune sindiense^ whi(;h occairs in infKh'rate abundance 
near the base of the Lowov Mauchhar zone of Sind, 
but has ,not been foimd at higher horizons. It may, 
tJierefoie' be considered as a tortonian species. 


(2) Dorcabune anibracollmoides. fairly ]dentiful in the Chinji 
zone, but ai)parontly also present in the Lower Man- 
chhar zone of Sind, judging from a fragmentary 
It therefore ranges from the tortonian to the sar- 
rnatian. 


(3) Dorcabune lujnvnmchoides, also fairly [)leii1iful in the Chinji 
zone and therefore sannatian in age. 


(4) Dorcabune naqrii, apparently characteristic of the Nagri 
horizon of the Middle Siwaliks, which may be consi- 
dered as lower pontiaii. 


(5) Dorcabune latideus {Hyn. Anlhracolhcrium silislrense 
Pentland pars, Lydekkei). This species is known by a 
single mandible figured by Lydekkcr. As its local- 
ity is recorded as Hasnot it seems probable that it 
occurred in fbe Dhok Pathan zone of the Middle 
Siwaliks and may therefore be considered as upper 
pontian in age. 


SJohnex7.cn. Pal. Ahluin^L I X (1912), p- 
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DORCABUNE ANTHRACOTHEROIDES, Pilgrim. 

Pl. 21, FIGS. 1, 2, 7, 8. Pl. 22, figs. 4, 5. 

Rpc. OeoL Surv. Ind., xl, p, 68 (1910). 

This is the largest of the species of Dorcahune and far exceeds 
in size any species of DorcafJienum. The type maxilla containing 
the three molars is figured in Pl. 21 fig. 1, while lower teeth are 
figured in Pl. 21 figs. 7, 8 and Pl. 22 figs. 4, 5. The dimensions of 
these teeth are tabulated on pages 235 and 236 along with those of the 
other species of Dorcahune and Dorcatheriim. 

Upper molars. — The most striking feature of these is their 
brachyodont and bunodont character, which gives them a dificrent 
appearance from most species of Dorcatherinm and reminds one 
rather of an Anthracotheroid such as Telmatodon. *Even in such a 
species of Dorcalherium^ as D. crassum. in which the actual height 
of the crown is no greater than in Dorcubune, yet a difference is 
noticeable in the height of the cusps and the shallowness of the 
valleys which separate the main cones. While the inner cones are 
truly selenodont the outer ones are quite bunodont and absolutely 
conical in shape. The rib on the outer side of the paracone and meta- 
cone is so broad and prominent as to occupy almost the whole 
space between the styles. This is especially the case with the rib 
of the paracone in which the outer surface is in fact entirely rib. 
This feature is very much less marked even in the most bunodont 
species of Dorcatherimn. The parastyle and mesostyle are massive 
and isolated. The metastyle is much less pronounced. This pro- 
minence of the outer styles is characteristic rather of the Anthra- 
cotheroids than of Dorcatherium. At the same time with wear 
the mesostyle, instead of showing the loop connecting the para- 
cone to the metacone and belonging equally to both of them, clearly 
displays its closer union with the metacone, tending to complete 
with it the postero-external crescent which characterizes Dorcatherium 
and the later ruminants. I am bound to say that the species Dorm- 
iherium crassum approaches the genus Dorcahune in this particular. 
The most important distinction between Dorcahune and Dorca- 
iherium is in the construction of the protocone. This instead of 
being a simple crescent is more pyramidal in shape and displays 
three equally strong folds, one proceeding forward and outward, 
the second backward and outward and a third backward with 
a tendency sometimes inward and sometimes outward. This struc- 
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ture is identical with that of the upper molars of Telmaiodon, Hemi- 
meryx and Gonotelma and, as I have observed above, possibly 
represents a vestige of an ancestral protoconule, such as Cryptomeryx, 
according to fechlosser, the ancestor of Dorcaiherium, possesses. 
It remains only to notice the strong cingulum, which runs on the 
hinder and front edges of the crown as well as on the inner side, 
but which is very much more pronounced round the protocone. 
This often rises into a tubercle between the protocone and the 
hypocone. The whole surface of the enamel is adorned with a 
series of moderately fine branching stria\ 

Lower molars:— Theao exhibit almost every essential fold of the 
enamel which characterizes the lower molars of Dorcatheriiim. The 
differences befcweeji the two genera may be summed up when we 
say that Dorcahiine is mor(‘ brachyodont and bunodont than Dorca-- 
therium. This distinction. Iiow’ever, tends to vanish in the species 
Dorcaiherium crassum. 

The following ar^.. the main structural features visible in the 
various cusps of the lower molais of Dorcabune, Tlie two anterior 
cusps are each so folded on their posterior edges as to form two 
short ridges, of wdiich the one adjoining the mid line of the tooth 
joins its fellow of the other cusp. The ridge on the internal side 
of the tooth soon stops short, that on the external side joins the 2nd 
external cusp. The anterior arm of the antero-external cusp ends 
in a broad shelf parallel to the anterior margin of the tooth. 
Of the two hinder cusps the internal one is conical, scndiiig out 
only a short process anteriorly in . the direction of the mid line 
betw^een the two anterior cusps, while the external one is crescentic. 
The anterior arm of the crescent joins the external process of the 
antero-external cusp ; the posterior arm runs inw-ard and completely 
encircles the posterior base of the postero-internal cusp. 

As far as the present species of Dorcabune goes, it may be noticed 
that the fold of enamel which connects the hinder portion of the 
antero-external cusp to the postero-external cusp is slightly weaker than 
in any species of Dorcatherium. This equally, however, separates this 
species from the other three species of Dorcabune. In Dorcatherium there 
is a tendency for the internal portion of the valley between the first 
and second lobes of the tooth to be partially blocked by a strong process 
which connects the inner (i.e., nearer the centre of the tooth) part of 
the antero-internal cusp with the postero-internal cusp. In side view 
this process can be seen to project backward from behind the small 
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marginal wing of this cusp. While the inside part of the valley 
is thus blocked in Dorcatherium the marginal portion of the valley 
is open almost down to the base of the crown. This is less markedly 
the case in Dorcatherium crassum and in Dorcabune is not at all so. 
In the present species of Dorcabune the process mentioned above 
in fact runs toward the inner branch of the antero-external cusp 
rather than towards the posfcero-internal cusp. 

The species Dorcabune anthracotheroides differs both from Dorca~ 
therium crassum and from the three other species of Dorcabune 
by its shorter and broader 3rd lobe to m^. It faces almost entirely 
forwards and its internal branch almost rests on the base of the 

internal cusp in front of it, leaving space only for the most minute 

crenulatcd tubercle which is slightly extended transversely, but 
in any case does not display the elongation which occurs in the case of 
the corresponding inner tubercle of all the species of Dorcatherium and 
also in the other three species of Dorcabune. In the Indian species 
of Dorcatherium, D. majus and D. minus, this 3rd lobe of faces 
almost entirely inwards, and its inner branch is much lower than 
its outer branch, while in Dorcabune the two branches are of equal 
height. This as well as the other characters of Dorcatheruim majus 
mentioned above can be noticed in the mandibular ramus figured 
in PI. 23, fig. 2 of the present paper and collected from the Nagri 

horizon of the Middle Siwaliks at Nagri in the Salt Range. 

There is a strong anterior and posterior cingulum on the two 
front molars and an anterior one on the 3rd molar. Median tuber- 
cles are also present at the external entrance of the valleys in m^ and 
lUg and smaller ones in the valleys in m^. 

Lower premolars . — The only positive knowledge we have of the 
lower prcmolars in this species is afforded by the 3rd lobe of pm^ 
which is in alveolo in front of m^ and mg in the specimen (G. S. I. 
B. 583) figured in PI. 21, fig. 7. This exhibits a sort^f crescent facing 
inwards and backwards, which seems to agree moderately well with 
pm^ of Dorcatherium crassum except that the hinder arm of the 
crescent does not run so far to the inside of the tooth as in that 
species. It is equally distinct from the pm^ of Dorcabune hyae- 
moschoides for the same reason. Dorcatherium magus and minus have 
a very much smaller and less massive 3rd lobe, which moreover is 
not crescentic. Still more important is the fact that no inner wing 
is visible. In Dorcatherium such a wing runs backward from the 
summit and bounds the inner side of a deep elongated cavity, which 
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^opens on the postero-intemal angle of the tooth. It is of course 
possible that such a wing exists in Dorcabune anthracotheroides, but it 
does not reach the 3rd lobe. It is, perhaps, more probable that the 
shape of pm^ in Dorcabune anthracotheroides is more like that of 
pnig in Dorcatherium and in Dorcabune hyaemoschoides. 

We may, perhaps, provisionally assign to this species the fragment 
from Chinji, figured in PI. 21, fig. 8 (Gr. S. I. No. B. 588), which is the 
front portion of a Tragulid pm^, as it seems too broad to have 
belonged to any other. 

DORCABUNE HYAEMOSCHOIDES n. sp. 

Pl. 21, FIG. 6. Pl. 22, FIG. 23. Pl. 23, fig. 1. 

The type of the present species is the mandible figured in Pl. 
23 fig. 1 containing the molars and the last two preinolars. 
The species is decidedly smaller than D. anthracotheroides. In the 
respects in which it differs from that species it approximates to 
Dorcatherium crassum. ,^^The depth of the ramus is proportionate- 
ly greater than in Dorcatherixm crassum. There is a fairly deep 
groove starting beneath pm^ and running backward beliii^d the teeth. 
Such a groove exists in Dorcatherium majus and minus and in 
Dorcabune latidens^ but not in D. nagrii. 

Lower molars. — The cusps are less bunodont than in D. anthra- 
cotheroides. The front arm of the antero-external cusp does not 
end in a similar broad flat shelf. The 3rd lobe of nig is narrower, 
longer and more pointed. It is also more distant from the 2nd 
lobe since in addition to tlie elongated internal tubercle an external 
ridge connects it with the 2nd external cusp. 

Lower 'premolars. — There is not the same disproportion in 
length between pm^ and piUg that is the case in Dorcatherium 
crasssum, pm_^ being only slightly inferior to pnig in this respect. 

It should however be observed that pm^ in Dorcatherium majus 
is also longer than in D. crassum. 

Pni, is a broad tooth consisting of three lobes of which the middle 
one is the highest and longest and the first and last are nearly equal 
in length though the 3rd lobe is probably higher when unworn. 
The latter is very massive and is somewhat crescent-shaped, the 
crescent facing inwards and forwards, its hinder arm running out 
to a level with the internal margin of the tooth, in which respect 
it differs from the corresponding tooth of Dorcabune anthracotheroides. 
A small notch separates this arm from a long wing which runs 
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backward from the summit of the principal cusp and forms the 
inner wall of the tooth. This wing is separated by a deep, elongate 
cavity from the crest which connects the principal to the hinder 
lobe. The stoutness of this 3rd lobe constitutes an important difference 
from Dorcathermm. 

Pnig is a slightly longer tooth than pm^. It consists of three 
lobes, of which the middle one is the highest and longest and the 
other two are equal in heiglit and size. Neither of them is as 
stoutly built as in pm^, but this applies especially to the 3rd lobe. 
This is crescent shaped, but the hinder arm is much less strong than 
in pnij. There is no inner wing on the inner side of the 3rd lobe 
as is the case in pnq although the commencement of an analogous 
structure may be seen as a slight groove on the hinder side of the 
principal cusp. On the whole the structure of ♦this tooth would 
appear to be similar to that of prii^ in the species D. anthraco- 
theroides, so fai‘ as we know the latter. The 3rd lobe is however 
much stouter in the latter species. 

Upper 7nolars . — The upper molars of this species seem hardly 
to differ at all from those of Dorcabune anthracotheroides except by 
the possession of higher and slenderer cusps and a rather less promi- 
nent parastylc. The speeijnen (G. S. I. No. B. 587) figured in PI. 21, 
lig. 6, has a small additional fold on the hinder side of the protocone 
in addition to the three main ones characteristic of the genus. 

DORCABUNE LATIDENS n sp 

Plate 22, figs. 7, 8. 

38S3. rmtlmul pam ; Lydi'kkiir : hulifin Toitiary .md 

JVut Tcili.try WTiebratn, Pal. Ind. [iO], vol. 11, pi. T), p. i.")!, PI. 24, figs. J, lu. 

1912. PoyvAibune ap. — I’ilgi'iui ; Tlu* Vfrtrbrato Fniina of tho (laj S.Tie.s in tho llugli 
JliJLs iUid the; Piirijiib, Pal Jnd., now soriiib. vol. IV^, mem. 2, p. 47. 

I have referred above to the mandible (G. S. I. No. B. 106), 
on which this species is founded. It remains only to state my 
reasons for separating it from the mandible (G. S. I. No. B. 104), 
which Lydekker first described under the name of Anthracotheriwm 
punjabiense, but subsequently referred to Anthracotherium silis- 
trense Pentlaiid. The latter mandible was figured for the first 
time by the present writer^ in 1912 while a better figure 
is now given in PI. 22, fig. 6. That specimen is undoubtedly 

^ Pilgrim, The Vertebrate Fauua of the Gaj iSeries in the Bugti Hills and the Punjab, 
Pal. Ind,, new series, IV, mem. 2, PL 14, fig. 2, 2a. 
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Anthracotheroid and probably belongs to the same species as 
Anihracotherium {'i)Microbunodon silistrense Pentland. The last lower 
molar of another mandible (6. S. 1. No. B. 596) is shown, double 
the natural size in PI. 22 fig. 9. This may also be referred to 
the species Anthracotherium Microbunodon{^ silistrense and can 
readily be compared with of the present species of Dorcahine 
which is refigured with a similar magnification in PL 22, fig. 8. 
The following important differences exist between the two mandibles. 
The one which I assign to Dorcabune is much deeper and the molars 
are much broader. The antero-extcrnal cusp of the molars pos- 
sesses on its hinder side the double fold characteristic of Dorca- 
therium and Dorcabune, of which the external one runs across the 
valley to unite with the anterior branch of the postero-external 
cusp. In the other mandible, as in Microbunodon, there is no 
such double fold on the hinder side of the antero- external cusp, 
while the anterior branch of the postero-external cusp sends a 
fold of enamel not to the antero-oxterna) cusp, but diagonally across 
the valley to the anfero-internal cusp. Further, in the 3rd lobe 
of rag in the latter mandible the (external branch of the crescent 
runs more inward than in the other so that the arms of the crescent 
are more squeezed together ; moreover there is no inner tubercle. 

In structure it coi’responds exactly with Dorcabune hyaevmsclmdes, 
differing from Dorcatherium by its bunodonty and brachyodont}% 
although the distinction between it and Dorcatherium ernssum is not 
a great one. It is entitled to specific distinction from D. anthracoihe- 
roides and D, hyacmoschoides on account of its much smaller size. 
The breadth of its molars and the depth of the iTiandible distin- 
guish it from each of the other species of Dorcabune including D, 
nagriiy which is of approximately the same size. 

The upper molars of this species are unknown. 

DORCABUNE NAGRII n. sp. 

Pl. 21 . m. 5. Pl. 22, fig. 1. 

This species is represented by three mandibles showing the molars, 
and an isolated upper molar. The structure of all these specimens 
leaves us in no doubt as to its generic identity with Dorcabune 
hyaemoschoides. It is hard, indeed, to find any difference between 
the two species, except one of size. The cingulum on the upper 
molar is, however, very faint and the fold on the inner side of the 
protocone is less well defined. The cusps of the lower molars are, 
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perhaps, rather higher and more slender, approximating to the con- 
dition of Dorcatherium crassum. 

From D. latidens, with which it agrees in point of size^ it can 
be distinguished by the smaller breadth of the molars and the in- 
ferior depth of the mandible. 

DORCABUNB SINDIGNSE n. sp. 

Pl. 21, FIGS. 3, 4. 

This species is founded upon two upper molars, two fragmentary 
last lower molars and five specimens of front lower molars, which 
were obtained during the field season of 1914-15 from near the base of 
the Lower Manchhar zone of Sind in the neighbourhood of Bhagothoro 
by Bankim Behari Gupta, field collector to the Geological Survey. It 
is approximately the same size as the species Dorcahune nagrii, but 
differs markedly from the Nagri species by its much lower more 
bunodont cusps, by the stronger development of the parastyle and 
by the presence of a stiong cingulum especially well pronounced on 
the protocone. The brachyodonty and bunodonty of the genus is 
much greater in this species than in D. anthracotheroides and the 
parastyle is stronger than in the latter. In fact the resemblance of 
the upper molar figured in PI. 21, fig. 3 to an Anthracotheroid such 
as Telmaiodon is more than fanciful. The lower molars differ hardly 
at all in structure from those of the other species of Dorcahune. 
The anterior arm of the antero-exteinal crescent is, however high, 
rather sharp-edged and narrow and encircles the antero-internal 
cusp instead of terminating in a low, broad cingulum-like area as is 
the case in D. anthro/cotheroides and the other spcci(s of this genus 
which have been described above. 

The characters of the genus Dorcahune may be summarized as follows ; — 

Artiodactyl allied to Dorcatherium, but bearing traces of derivation from a 
more primitive type such as Cryptomergx gaudryi Schlosser ; attaining about 
twice the size of the largest known fipocies of Dorcatherium ; dentition more 
bunodont and brachyodont than Dorcatherium. 

Upper molars ; protocone with a triple fold (? vestigial protooonule), as in 
some Anthracotheroids e.g., Telmatodon, Hmdmeryx, outer styles and ribs strong 
and prominent, but mesostyle in wear attached to the metastyle, with a tendency 
to form a postero-cxternal orescent. 

Lower molars ; with the double fold on the hinder side of the antero-extemal 
cusp characteristic of Dorcatherium ; process from the hinder side of the antero- 
intemal cusp not prolonged so as to block the inner entrance of the median valley 
as in Dorcatherium ; 3rd lobe of ma with a inner tubercle, both branches of the 
crescent equal in height and facing mostly forwards, ^ 
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Lower 'premolars ; pm4 3-lobed ; 3rd lobe massive, crescentic ; a well defined 
wing proceeding backward from the summit of the 2nd lobe to a varying distance 
from the hinder margin of the tooth, and separated by a groove or cavity from the 
crest which connects the 2nd and 3rd lobes, pm 3 slightly longer than pm4, 3-lobcd ; 
3rd lobe much less massive than in pm4; wing not present behind the 2nd lobe, 
only a shallow groove on its hinder face. 

Measurements of Dorcatherium and Dorcabune lower teeth. 
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Measurements of Dorcatherium and Dorcahune upper molars. 
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EXPLANATION OF PLATES. 


PLATE 21. 

Fig. 1 . — Dorcabnve anthracolheroifks Pilg. loft maxilla with to m3 
1 side view from outside, la surface view, natural size. 
From the Lower Siwaliks of Lhinji, Salt Range (Gcol. 
Surv., Ind., No. B. 580) ...... 

Fro. 2 . — DorccUmne arithracolheroides Pilg. last kjft upper molar, 
surface view, natural size. From th(‘ Lower Siwaliks of 
Chinji, Salt Range. (Gool. Surv., Ind., B. 581) 

Fig. 3 . — Dorcahune sindienaty n. ap. last left upper molar, 3 surface 
view 3a side view from outside natural size. From the 
Lower Manchhar horizon of Bhagothoro, Sind (Geol. 
Surv., Ind., No. B. 598) ...... 

Fto. 4 . — Dorcahune sindiense n. sp. a front right lower molar, surface 
view, natural size. From the Lower Manchhar horizon of 
Bhagothoro, Sind. (Gool. Surv., Ind., B. 601) 

Fig. 5 . — Dorcahune nagrii n. sjx last right upper molar 5 surface 
view 6a side view from outside, natural size. From the 
Middle Siwaliks of Nagri, Salt Range. (Geol. Surv., Ind., 

No. B. 690) 

Fig. 6 . — Dorcahune hycemoschoides n. sp. last right upper molar suifaco 
view natural size. From the Lower Siwaliks of Chinji, 
Salt Range (Geol Surv., Ind,, B, 687) , . , , 
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Paqk. 

PiQ- 7. — Dorcabune avthracotheroides Pilg. right mandibular ramus 
with nil a-iid ni2 ami tho hindor portion of pm4 in alveolo 
7 side view from outside la surface view, natural size. 

(Geol. Surv., Ind., No. B. 583). From the Lower Siwaliks 

of (Jhinji, Salt Range 230 

Fig. 8. — Dorcabune, anthracotJieroidefi Pilg. (?) front portion of right 
PITI4 surfa.c(^ view natural size . From the Lower Siwaliks 
of Chiiiji, Salt Range. (Gt)ol. Surv., Tnd., No. B. 588) . 231 


PLATE 22. 

Fig. 1. — Dorcabune nagrii n. sp. left mandibular ramus with m 2 and 
nia, 1 side view from outside, la surface view, natural size. 

From the Middle Siwaliks of Nagri, Salt Bango. (Geol. 

Surv., Tnd., No. B. 591) 233 

Fig. 2. — Dorcabune hycpynoschoides n. sp. last right lower molar 2 
surface view 2a side view from outside, natural size. From 
the Lower Siwaliks of Chinji, Salt Range. (Geol. 

Surv., ‘Ind., No. B. 580) 231 

Fw. 3, — Dorcabune hyreuioschoides n. sp. 2nd right lower molar surface 
view natural size. From the Lower Siwaliks of Chinji, 

Salt Rang(‘- (Geol. Surv., liid., No. 589) .... 231 

Fig. 4. — Dorcahune anlhracotheroides Pilg. last left lower molar 4 
surface view 4a side view from outside, natural size. 

From the Lower Siwaliks of Chinji, Salt Range. (Geol. 

Surv., Ind., No. B. 582). • . . . . . 229 

Fig. 5. — Dorcabune anthracoiheroides Pilg. 2nd left lower molar, 
surface view, natural size. From the Lower Siwaliks of 
Chinji, Salt Range. (Geol. Surv., Tnd., No. B. 584) . 229 

Fig. 6. — Anihracoiherium (? Microbunodon) ailistrense Peiitland right 
mandibular ramus with mj and m3 surface view', natural 
size. From the Middle Siwaliks of the Punjab. (Geol. 

Surv., Ind., No. B. 104) 

j'lQ. 7. — Dorcabune latidens n. sp. (?) left mandibular ramus with 
raj and in 2 surface view' natural size. From the Middle 
Siwaliks of the Punjab. (Geol. Surv., Ind., No. B. 106a) 232 

Fig, 8. — Dorcabune latidens n. sp. last right lower molar from the 
t3rpo ramus with mi — surface view x2. From the 
Middle Siwaliks of Hasiiot, Punjab. (Geol. Surv., Ind., 

B. 106) 232 

Fig. 9. — Anthracotherium (? Microbunodon) siliatrense Pentland last 
right lower molar from a ramus with m2 — nig surface 
view X 2. From the Lower Siwaliks of Chinji, Salt Range. 

(Geol. Surv., Ind., No. B. 696) 230 
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PLATE 23. 

Fia. 1 . — Dorcahune hycpmoschoides n. sp. right mandibular ramus 
with m to pm 1 surface view la side view from outside 
natural size. From the Lower 8iwaliksof Chinji, Salt 
Range. (Oeol. Surv., Tnd., No. B. 585). 

Fig. 2 . — Dorcatheriim majiis Lydekki'r left mandibular ramus with 
ma to pni 2 only the roots of pmg present 2 side view from 
outside, 2a surface view, natural siz(‘. From the Middle 
Siwaliks of Nagri, Salt Range, ((leol. Surv., Ind., No. 
B. 593) 
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On Hematite Crystals of Corundiform Habit from 
Kajlidongri, Central India. By L. Leigh Fermor, 
D.Sc., A.R.S.M., F.G.S., Superintendent, Geological 
Survey of India. (With Plate 24.) 

The crystals that form the subject of this note were collected 
by me at the Kajlidongri manganese-ore quarry early in 1905. 
They were found in an excavation near cross-cut No. 1 (see Plate 
19, Mem. Geol. Surv. hid. Vol. XXXVII) as a small patch in a 
quartz vein at its junction with the manganese-ore penetrated 
by the vein. Except at this one spot the quartz vein carried crystals 
of hollandite. 

The crystals were investigated crystal lographically in Calcutta 
and found to belong to the hematite group of minerals. The total 
amount of material in my possession was very small, but one crys- 
tal was sacrificed and examined by the ordinary methods of quali- 
tative chemical analysis, iron being the only element detected. 
From this it was concluded that the mineral must be hematite 
ill spite of its unusual crystallographic habit. 

In 1914, when at Cambridge on Study Leave from India, I 
took the opportunity to resume my examination of this material ; 
and at this point I must take the opportunity to express my indebt- 
exlness to Prof. W. J. Lewis for the facilities granted me of work- 
ing in the Mineralogical Laboratary, and to Dr. A. Hutchinson 
for kind help given me in the study both of these hematite crystals 
and of the hollandite crystals to be discussed in another 
paper. 

The material available consists of (1) a specimen about 3 cm. 
square showing about 10 crystals of hematite, which range up to 
31 mm. diameter on the basal plane and 5 cm. in iengtli. and rest 
in association with quartz on very fine-grained manganese- 
ore, consisting of psilomelane with a little admixed finely crys- 
talline braunite; (2) a small piece measuring 14 mm. x 8 mm. 
and showing about a dozen hematite crystals ranging from 1 to 

g2 
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3 mm. across the basal plane ; and (3) some half a dozen loose 
crystals broken off the foregoing specimen for purposes of measure- 
ment.^ The whole of this material is registered in the collections 
of the Geological Survey of India as J. 95G. 

As will be seen from the sequel, these crystals show a series 
of steep hexagonal pyramids truncated by the basal plane, with a few 
minute bevelling rhombohedral faces, and a narrow equatorial zone of 
prism faces of the same order as tJie pyramids. The crystals are 
implanted and, therefore, only singly terminated, with one single 
exception, where the crystal is lying on its side on the surface of 
specimen No. 1. The lustre of many of the crystals is splendent, 
particularly on the basal plane and the faces of the chief pyramid 
X (01 4-): consequently, in spite of a network of fine lyies due to 
lamellar twinning parallel to the fundamental rhombohedron, these 
crystals have afforded excellent images, givijig data suitable for 
the calculation of the value of the axial ratio. 

The goniometric measurements are summarised in the two 
following tables, the first giving the data 
The fnrms identified. relative to the zone (ca) or [l^lj, which 

may be tei-med the bipyramid zone, and 
the second the data relative to the rhombohedral zones cr or 
[Dl l] and (cn) or In the bipyramid zone the principle forms 

present are the basal plane c (111) and the bipyramid of the second 
order x (Old*). In addition there is a succession of bipyramids of the 
second order represented by a senes of narrow faces and parallel 
striations. Amongst these the form z (7i.')) is at times well developed, 
whilst the forms X (513), (29- 1 27) and (.')1 I ‘49), are almost certainly 
present : the two last are new forms to which the letters S and 
1 have been assigned. In addition there are numerous other linear 
reflecting bipyramid faces, giving images that are usually very 
faint and blurred, rendering the readings uncertain, and making 
it difficult to decide to which of two possible forms a given 
reading should be referred. Consequently, although it is almost 
certain that some of these additional forms really exist on 
the crystals studied, yet each of them must be regarded as 
doubtful. 


^ These are refer red tu as crystals Nos. 1 to C in this paper, and a crystal measured 
on specimen (2) is No . 7. 




me 

III of 

Mini order 


l>rlf!IQ of ROCOUd 


i’EiiMoii : Hematite of Corandiform Habit. 241 

Table 1. 


List of faces in the bipyramid zone ca. 
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** 

(5)17') 

(8 s ie-3) 

2 

82'’4'— 82“23' 

j 

82”U' 

82*51' 

do. 


(11 j-b) 

(lo io io 3) 

2 

! 

83“29' 

83*39' 

do. new 


(121 Tu) I 

(ll*ll'22*3) 

1 

84”2r)' 

84“25' 

84*14' 

do. new 

1 

(IS-l-ffl) 

(17]7*34*3) 

3 

i 86“17'--86“22' 

j 

8G“19' 

86*10' 

do. new 

s 

(29-l'27) ' 

(28 28-66-3) 

7 

a7“18'— 88“0' 

87“40' 

87*43' 

Present : new 

I 

(5rr49) 

(60-60-100-3) 

5 

88“40'— 88®48' 

1 

88*44' 

88*44' 

do. new 

a 

(loT) 

(1120) 

12 

89*37'— 90''36' 

90*2' 

! 90*0' 

do. 
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Table 2. 

List of forms in the rhomhohedral zones cr and cv}. 


! 

j JiOttn 

1 symbol 

Symbol 
refened to ' 
iliombobediab 
axc.'i. j 

Sjmbol 

I of ei led to 
hcxafronal 
axes. 

I 

'Xumber ; 

! of j 
lieadjnps.j 

Measured. 

BniiKe. 

Mean 

CALCULATLu 

Basal plane 

1 

1 

c 

(111) 

(0001) 

1 _ ! 

i j 

- 

-- 

0“0' j Pre-ient. 

Bhoinboliodra 

;^i 







■ 

1 


Dinrl i 

r 

(100) 

(JOll) 

: •> , 

57^29'— .)8"2;r 

,')7‘’5.')' 

57“18' 1 Present. 


Inverse j 

>3 

(221) ■ 

(loFi) 

1 2 

.">6 .)()' — 

58“17' 

f)7“18' : do. 


Do. ; 


(I7-17-.-.) , 

(t()-4'j;D 

! ^ ' 



2.j“36' , Uiieei 1,1111 


D(». , 

V 

m 28 ' i:)) 

(.’> 0 5 2:{) 

, 8 ; 
j 


18^17' 1 

18‘’43' j Pu'sent ■ 


Do. i 


(25-25-]-{) 1 

(4‘0”m:i) 

: 1 , 

! 1 

nns' 1 

lfn8' 1 

16“32' ' IJnceitiiiii 


J)o. ! 


(2j'2j-14) ; 

(1J‘0-iT64) 

1 ' 1 

1.7 6' 

ISV 

14‘ j 9' j do. 


Do. 1 


(774) 1 

(1016) 

> i 

I4®:i0' 

J4“:i6' ' 

14“3IJ' do. 


Do. : 


(:):i-:):c20) , 

(i;po-12H6) 1 

1 

1 i 

i:{"29' 

i:r29' 1 

i:n.5' do. 


J)o. 1 

j 

(«8i>) i 

(1017) 1 

1 

12“ 10' 

12' JO' 1 

do. 


Do. j 


(a:i2) j 

(jolrt) j 

1 ' 

10''12' 1 

10“ 12' 

llU' ; do. 


The prism of the second order a (Ifii) is represented by one of 
these narrow faces, and separates the pyramid faces above the 
equatorial section of a crystal from those below, where develop- 
ed. In the table No. 1 on page 241, the readings for pyramid faces 
below the equator have been grouped with those above, except in the 
case of the form x (Gli), where the two sets of readings have been 
separately averaged. In the equatorial zone of these hematite crys- 
tals there is often an oscillation of forms causing re-entrant angles, 
and the resultant repetition of the same form helps to blurr the 
goniometric reflections. 

Indications were obtained of the presence of no less than 11 
rhombohedra, amongst which are both the direct and inverse 
forms of the fundamental rhombohedron, very minutely deve- 
loped when present and consequently giving very poor reflections. 
The sorting of these readings between the direct and inverse forms 
r (100) and n ( 23 T) is, of course, a matter of convention. The 
presence of twinning lamellae parallel to the fundamental rhom- 
bohedron has ali’eady been mentioned : it was decided to regard 
these as parallel to the direct form, this convention converting 
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all the other rhombohedra present into inverse forms, of which one 
is conspicuously developed on several of the crystals. The faces 
of this form are dull and striated as shown in Plate 24, fig. 2, but 
there is little doubt that they represent a new form (28.28.13) or 
(5.0.5 23), to which the letter U may be assigned. The other, very 
uncertain, rhombohedra mostly lie between the above form and 
the basal plane and are apparently the cause of the striation of U. 

Plate 24, fig. 1, is a stereogram of the Kajlidongri hematite, in 
which are inserted all the forms the presence of which is fairly 
certain. The most important of these are shown in figure 2 
illustrating the habit of the mineral. 

As has already been mentioned the faces of these crystals are 
traversed by fine striations, which, as seen 
Twill lamellae. on any face of the form x, consist of three 

parallel series ; study with a lens shows that 
the three series are parallel to the three faces of one of the 
fundamental rhombohedra, which is taken as the direct form r (100). 
This observation was confri'med b\ calculating the angles made by 
the traces of each of the faces 100, 010, and 001, on the face 041, 
with the edge between 641 and 111, and comparing the calculated 
with the measured values. The measurement was cffectexl by 
supporting a ciystal with wax on a glass slide on the stage of 
a rotating-stage microscope. The horizontality of tlie face to be 
observed was judged by eye and the angles measuie<l by means of 
the ordinary cross- wires of the microscope. Ihe measurements, 
though somewhat rough, wxre sufficiently accurate to confirm the 
conclusion that the striae are due to twinning parallel to the 
fundamental rhombohedron, as may be judged from the following 
statement : — 



j 

Angle with edge between 

oil and 111. 

StriatioiiH on 64l. 


Measitred. 


1 Calculated 


Number of 
reudingH. 

Range. 

Moan. 

valucfj. 

Parallel to r (100) 

7 

! 47°12'— oO^iM' 

48"59' 

4S°U' 

do. r' (010) 

" 7 

i 31®23— ,‘12'’10' 

31^’28' i 


do. r"(001) . 1 

6 

1 57°58'— o9°30' 

68°24' ' 



The meaisurejuents were carried out on crystals Nos. 1 and 2. 
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The faces of the form x (HI 4) often show a few striae parallel 
to the edge between Hl4 and 111. Whether these are due to an 
oscillatory combination with other forms in the bipyramid zone 
or are due to parting parallel to c is unknown. 

The faces of both the chief forms c and x have given many 
fine images, and consequently the angle cx has been selected for 
use in the computation of the axial ratios of the mineral. 

On the 7 crystals measured 21 readings of the angle cx were 


The axial ratio of hematite. 

obtained above the equator. Of 

4 were rejected ; the remaining 17 were 

( i\7UiI No. 1 

. . , , 

. 77°20i', 21' 

No. 2 . 


. 77°i:3', 20', ;]()' 

„ N(.. 3 


. 77°ir, 3.r, 39' 

„ No. 4 


.* 77‘’40', 30 J', 31' 

„ No. 5 


. 77"24 '. 

„ No. 6 

. 

. 77°3.5r, 31' 

„ No. 7 

. 

. 77°29', 31 J'. 32' 


These give a mean of 77°28', If only 7 of these readings, 
namely 77W, 30i', 31', 31', 29', 311', 32', be utilised, the average 
becomes 77°31'. 

Considering the brilliance of some of these crystals and the 
fine images in many cases, the differences in the foregoing readings 
are surprisingly large. Of these refidings 77^20.1' and 77°21' on 
crystal No. 1, and 77°30J' and 77^31' on crystal No. 4, are very 
good values indeed ; and it appears, unlikely as it may seem, that 
there is a distinct difference between these two crystals. The average 
figure 77^28' has consequently been adopted. This gives a value 
for the ratio a \ c of 1 : 1*3495, and for the fundamental angle cr 
of 57°18' 26".^ As a check on the angle 77°28' we have the measured 
values of xx\ which are 58°40', 24', 26', 39', 25', 11', 31', 31', 27', 47', 18', 
3', with a mean value of 58°27'. Of the above, the four best readings 
were 58°24', 25', 31', 31', with a mean value of 58°28'.2 The 
value of xx' calculated from cx =77®28' is 58°26'. 

It will be interesting to compare this value for the axial ratio 
of the Kajlidongri hematite with the corresponding figures for 

1 The mean of the two fine readings on crystal No. I, namely, gives’ 

the value 1*3362, whilst the mean of the two fine readings on crystal No. 4, namely 
77°30J' gives a value of 1*3546, for the vertical axis. ^ 

^If this were the true value then the value of c would be 1*3664, which is close 
to Melczer’s value (see page 246). 
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hematite from other localities; and for this purpose we cannot 
do better than consult G. Melczer’s paper ‘ Ueber die Symmetric 
und das Axenverhaltniss des Hamatit 

He first compares the results of previous investigators, showing 
that their results do not agree, the best previous values being : — 

According to Kokscliarow I : 1.3652 dbO'OOOo. 

Do. Vater 1 : 1. 3642 ± 0*00 15ca. 

Do. Schweitzer 1 : 1.3605 

Do. Miller 1 : 1.3594 

In view of this disagreement Melczer secured hematite crystals 
from several well-known localities and determined their axial 
ratios. He summarises the results as follows (/.c., p. 699) : — 


Locality. 


a. 


c 


Observer. 


Framont, Alhaco 

1 

1.3608 

Altenberg, Saxonj 

1 

1.3619 

Artificial crystals 

1 

1.3642 

DognAcska, Hungary 

1 

1.3651 

Elba 

X 

1.3652 

Cavradi, Switzerland 

i 

1.3652 

Vesuvius 

1 

1.3652 

Do. 

1 

1.3654 

Do. 

1 

1.3656 

Hargita, Transylvania 

1 

1.36,55 

Tavetfcob, Switzerland 

1 

1,3693 


Schweitzer and Melczer 
Melczer 
Vator 
Melczer 
do. 


do. 

Kobcharow 

Melczer 

do. 

do. 


do. 


From the almost identical values obtained for the hematites 
from the five localities, Dognacska, Elba, Cavradi, Vesuvius, and 
Hargita, Melczer deduces the mean value of the axial ratio co be 
1 : 1-3654 ±0 0002, and on the basis of analytical data relative to 
the hematite from Elba and Hargita he deduces that the fore- 
going figure is the axial ratio for pure hematite. It seems neces- 
sary to suppose, therefore, that the hematites with different axial 
ratios, such as those of Framont, Altenberg, and Tavetsch, must 
contain an appreciable amount of enclosed impurity. Unfortunate- 
ly, enough material was not available to allow this point to be 
tested satisfactorily. 

If the axial ratio of the Kajlidongri hematite be compared with 
those in the foregoing list it will be seen that it is considerably lower 
than any of those recorded by Melczer, It must, therefore, be 
assumed that the Kajlidongri crystals contain some impurity, 
which, considering their mode of occurrence, may well be an oxide 


1 Zeitseh. Krysi., XXXVH. pp. 580-602, (1903). 
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of manganese in solid solution. But, again, it would be difficult 
to confirm this point, firstly because of the small amount of material 
in existence, and secondly because, if some of the crystals were 
sacrificed for this purpose, it would be impossible to be sur£ that 
the material was free from mechanically enclosed manganese 
minerals. 

Although none of the values of a : c listed above is very close 
to the Kajlidongri value, it is interesting to notice that the mean 
(57^19 i') of the values of the angle cr (ranging from 56^^42' to 57°52') 
recorded by Bucking for G types of hematite from the Binnenthal 
is close to the value calculated for Kajlidongri (57°18^')^ 

A comparison of figure 2 of Plate 24 with the figures of hematite 

given in text-books (e.g. Dana) shows at 

Comparison with rreiich have to deal *with hematite 

hematites of coruiidiform . , , i i ^ i 

habit. unusual habit : and in fact a search 

in likely places has not led to the dis- 
covery of any figure of this mineral showing the form a? (GlOi which 
is the dominant form in the Kajlidongri cystals. The nearest 

habits figured arc two given by Prof. Lacroix in his ' Mineralogie 

de la France et de ses (-olonies ’. Fig. 29 on page 273 of Vol. 
Ill shows a hematite crystal from Blattcnberg near Sainte-Mario 
aux-Mines in France, the principal form present being the less 
steep bipyraiuid of the second order n (31 1), a form not detected 

on the Kajlidongri crystals. Fig, 19 on page 26G of the same volume, 

representing a crystal of hematite from Pouzac in the depart- 
ment of Hautes-Pyrenees, is very similar in general aspect to the 
Indian crystals; but, in place of the form x (G14) so characteris- 
tic of the Indian crystals the principal form in the mineral from 
Pouzac is 2 : (7lo), which is a subordinate form on the Kajlidongri 
hematite, whilst x is absent. The Pouzac hematite also shows 
the prism a (IGl), the basal plane c (111), and the direct and 
inverse rhombohedra r (100) and n (221), all present in the Indian 
crystals, and in addition thin bevelling faces of the form w (311,) 
absent from the Kajlidongri mineral. The resemblance between the 
hematites of Pouzac and Kajlidongri is so striking because the 
forms X and z are very close to one another, making angles of 77°28' 
and 79°30' respectively with c. The resemblance of the hema- 
tite crystals from both tiiese localities to a common form of 


^Zeiisch. Kryst., I, pp. 565-674, (1877), and IT, p. 421, (1878). 
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co^dum is evident at once, and the likeness is heightened in the 
Indian case by the presence of twin lameUae paraDel to r, and of 
the horizontal striae, not shown in my figure, which may represent 
parting planes parallel to c. Lacroix compares the Pouzao hematite 
with corundum from Haute Loire. 

In spite, however, of this striking resemblance of the 
Kajhdongri hematite to corundum, it is interesting to notice that its 
principal and most characteristic form x (ou) has not yet been 
satisfactorily ideiitiiiei] on corundum crystals. 
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